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VOLUNTARY CLEANUP AND REDEVELOPMENT ACT APPLICATION
July 11, 1994 Draft

This application form is prepared by the Colorado Department of Public Health and Environment, to assist potential
applicants in meeting the requirements outlined in the Voluntary Cleanup and Redevelopment Act (HB94-1299).
Adherence to this application will insure that adequate information is submitted to allow the Department to evaluate
the application and make a determination on the Voluntary Cleanup Plan or No Action Petition. All applications
must include a filing fee of $2000. Department review time will be billed against this fee, with any remaining funds
to be retumed to the applicant.

GENERAL INFORMATION

The applicant should begin by providing the following general information:

Page

1-2 1) Name and address of owner

12 2} Contact person and phone number

1-1  3) Location of property

12 4) The type and source of contamination

12 5) If contamination will remain on property following implementation of your proposal, provide Global
positioning system coordinates

1-2  6) State whether request is for approval of Voluatary Cleanup Plan (VCUP) or a petition of No Further
Action Determination (NAD)

1-2 7 Current Land Use

12 8) Proposed Land Use

PROGRAM INCLUSION

This section is designed to determine whether the applicant meets the criteria for eligibility under the Act. Please
answer yes (Y), no (N), or not sure (NS) to the questions below, If the answer to any of the questions is not sure:
(NS) please fill out the appropriate checklist questionnaire in Appendix 1 (these have not yel been developed at the:
time of the last draft). An answer "no" to question 1 or "yes" to questions 2-6 will result in a determination that
the application is not eligible for the Voluntary Cleanup Program. The submission of misleading information will
render any approval given by the Department void.

Is the applicant the owner of the property for the submitted VCUP or NAD? IF yes, verify ownership.

ol

1-3 2) Is the property submitted for the VCUP or NAD listed or proposed for listing on the Nationa} Priorities
No List of Superfund sites established under the federal act (CERCLA)

1-3 3) Is the property submitted for which the VCUP or NAD the subject of corrective action under orders or

No agreements issued pursuant to the provisions of Part 3 of Article 15 of this Title or the federal "Resources
Conservation and Recovery Action of 1976", as amended? If yes, please list order number.
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1-3 4) Is the property submitted for the VCUP or NAD subject to an order issued by or an agreement (including
No permits) with the Water Quality Control Division pursuant to Part 6 of Article 8 of this Title? If yes,
please list order or permit number.

1-3 5) Is the property submitted for the VCUP or NAD a facility which has or should have a permit or interim
No status pursuant to Part 3 of Article 15 of this Title (RCRA Subtitle C) for treatment, storage, or disposal
of hazardous waste? IF yes, please list permit number.

NOTE: Properties that do not have a permit or interim status but at which hazardous waste, as defined in the
Colorada Hazardous Waste Act and implementing regulations, was treated, stored, or disposed of at any time
after 1980 is considered by the Department to have required a permit or interim status. Disposal is defined as
any discharge, deposit, injection, dumping, spilling, leaking, or placing of any solid waste or hazardous waste
into or on any land or water so that such, solid waste or hazardous waste or any constituent thereof may enter
the environment.

1-4 6) Is the property submitted for the VCUP or NAD subject to the provisions of Part 5 of Article 20 of Title
No 8 (Underground Storage Tank - State il Inspector), C.R.S. or of Article 18 of this Title (RCRA subtitle

D).
YOLUNTARY CLEANUP APPLICATION

Any plan for voluntary cleanup (WCUP) or request for no action determination (NAD) must include the following
information to be considered complete. Appiicants need o supply enough information in sufficient detail for the
Department to make a determination. If certain information is not applicable to the site, the applicant may provide
evidence and explanations as to why specifically requested information is not applicable. It is most important that
the applicant describe the rationale used in performing the site investigation (including selection of sampling
locations and parameters), performing risk assessments, selecting cleanup levels, and any other decision making
process included in the application.

The applicant should include a cross reference listing the page number(s) of the application which correspond to
the following listed information requirements on the blank line to the left of the information description on this form
(or by other equivalent means).

ENVIRONMENTAL ASSESSMENT
Page

2-1 1) Environmental assessments must be submitted by qualified professionals, who are defined as persons
having education, training, and expedence in preparing environmental studies and assessments. The
applicant should submit documeatation, in the form of a statement of qualifications or resume, that the
environmental assessment has been prepared by a qualified environmental professional.

1-2 2) The applicant should provide the address (if applicable) and legal description of the site, and a map of
appropriate scale identifying the location and size of the property.

22 3) The applicant should describe the operationsal history of the property in detail, including the most
current use for the property. This description should include, but not be limited to:
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(i) a description of all businessfactivities that occupy or occupied the site as far back as
records/knowledge aliows;

(ii) a brief description of all operations which may bave resulted in the release of hazardous
substances or petroleum products at the site both past and present, including the dates activities
occurred at the property, and dates during which contaminants were released into the environment;

(i1} a list of all:

(a) site specific notifications made as a result of any management activities of hazardous
substances conducted at the site, including any and all EPA ID numbers obtained for management
of hazardous substances at the site from either the State or the U.S. Environmental Protection
Agency (EPA):

(b) notification to county emergency response personnel for the storage of reportable quantities
of hazardous substances required under Emergency Planning and Community Right to Know
statutes; and

(c} notifications made to State and/or Federal agencies as a reporting spills and/or accidental
releases, including notifications to the State Oil Inspection Section required under 8-20-506 and
507 and 25-18-104 C.R.S. 1989 as amended, and 6 C.C.R.1007-5 Subpart 28.50. Part 3 of the
OIS regulations etc.;

{iv) a list of all known hazardous substances used at the site, with volume estimates;

{v) alist of all wastes generated by current activities conducted at the site, and manifests for shipment
of hazardous wastes off-site;

(vi) a list of all permits obtained from State or Federa] agencies required as a result of the activities
conducted at the site; and

(vii) a brief description of the current land uses, zoning and zoning restrictions of all areas contiguous
to the site.

4) The applicant shall describe the physical characteristics of the site, including a map te scale (or separate
maps, whichever represent the following types of information most clearly), and an ascompanying narrative
showing and describing the following (where applicable):

() topography;

{if} all surface water bodies and wastewater discharge points;
(iii) ground water monitoring & supply wells;

(iv) facility process units and loading docks;

(v) chemical and/or fuel transfer, and pumping stations;

(vi) railroad tracks and rail car loading areas;

(vii) spill collection sumps and/or drainage collection areas;
(viii) wastewater treatment units;

(ix) surface and storm water run-off retention ponds and discharge poiats;
(x) building drainage or wastewater discharge points;

(xi) all above or below ground storage tanks;

DACLEANUP.FNLASLVSWNATOC vii
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2-15 (xii) uaderground or above ground piping;

2-15 (xiii) air emission control scrubber or refrigeration units;
2-15 (xiv) water cooling systems or refrigeration units;

2-15 (xv) sewer lines;

2-15 {xvi} french drain systems;

2-15 (xvii) water recovery sumps and building foundations;
2-15 (xviii) surface impoundments;

2-14 (xix) waste storage and/or disposal areas/pits, landfills etc. ;
2-14 (xx) chemical or product storage areas;

2-14 {xxi} leach fields; and

2-14 (xxii) dry wells or waste disposal sumps.

2-5 5) If groundwater contamination exists, or if the release has the potential to impact groundwater, the
applicant should provide the following information for areas within one-half mile radius of the site:

2-5 (i} the State Engineer’s Office listing of all wells within the one-half mile radius of the site, together
with a map to scale showing the locations of these wells;

2-6 (ii) documentation of due diligence in verifying the presence or absence of unregistered wells supplying
ground water for domestic use in older residential neighborhoods, or in rural areas;

Not {iii) a statement about each well within the balf-mile radius of the site, stating whether the well is used
Applicable as a water-supply well, or a ground water monitoring well;

2

Not {(iv) lithologic logs for all on-site wells;
Applicable

Not (v} well construction diagrams for all on-site wells, showing screened interval, casing type and

Applicable construction details (obtaimable from the State Engineer’s Office), including: gravel pack interval,
bentonite seal thickness and cemented interval;

2-5 (vi) a description of the current and proposed uses of on-site groundwater in sufficient detail to
evaluate human health and environmental risk pathways, In addition, the applicant will provide a
discussion of any State and/or local laws that would restrict the use of on-site ground water.

2-16  7) The applicant should provide information concerning the nature and extent of any contamination and
releases of hazardous substances or petroleum products which have occurred at the site, including by not
limited to:

2-16 (i) identification of the pature and extent, both on-site and off-site, of contaraination that has been
released into soil, ground water and surface water at the property, and/or releases of substances from
each of the areas identified in Section 25-16-308(b) above;

2-16 {ii) a determination of whether or not, those substances identified in paragraph (i} above, contain
hazardous substances either through process knowledge, Material Safety Data Sheet information
provided by a manufacturer, or through chemical analysis;

2-16 (iii) a statement defining the chemical nature, mobility and toxicity of the substances ideatified in

paragraph (i) above, estimated volumes and concentrations of substances discharged at each area,
discharge peint, drain, or leakage point;
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Not (iv) a map to scale showing the depth to ground water across the site;

Available

Not (v) 2 map to scale showing the direction and rate of ground water movement across the sile using a

Available minimum of three (3) measuring points;

None (vi) a discussion of all hydraulic tests performed at the site to characterize the hydrogeologic properties
of any aquifers on-site and in the area;

2-16&2-19 (vii) all reports and/or correspondence which detail site soil, ground water and/or surface water
conditions at the site, including original analytical laboratory reports for all samples and analyses;

Separate (viii) a discussion of how all environmental samples were collected, including rationale involved in

Reports sampling locations, parameters, and methodology, a description of sampling locations, sampling

Provided  methodology and analytical methodology, and information on well construction details and lithologic
logs. All sample analyses performed and presented as part of the environmental assessment should
be appropriate and sufficient to fully characterize all constituents of all contamination which may have
impacted soil, air, surface water and/or ground water on the property. The applicant should use EPA
approved analytical methods when characterizing the soil, air, surface water and/or ground water,

APPLICABLE STANDARD RMINATION

31 1) The applicant should provide a description of applicable promulgated state standards establishing
acceptable concentrations of constituents (present at the site) in soils, surface water, or ground water,

3-1 2) The applicant should provide a description of the human and environmental exposure to contamination
at the site based on the property’s current use and any future use proposed by the property owner, This
description shall include, but not be linuitedto-the following:

2-15.2-16

Not
Applicable

(i) a table or list, for site contaminants indicating:

(a) whether they are known to be carcinogenic (together with any relevant toxicity information for
each carcinogenic contaminant available, including the slope factor for the contaminant} or whether
they are non-carcinogenic (together with any relevant toxicity information on each contaminant,
including reference doses if available);

(b) which media (i.e., soil, sir surface water and ground water) are contaminated, and the
estimated vertical and areal extent of contamination in each medium;

(¢) the maximum concentrations of each contaminant detected on-site in the area on-site where the
contaminant was discharged to the environment, and/or where the worst effects of the discharge
are believed to exist;

{d) whether the contaminant has promulgated state standard, the promulgated standard and the
medium (i.e., ground water, surface water, air or soil) the standard applies to;

(i1} a description and list of potential human and/or environmental exposure pathways pertinent to the
Present Use of the property;
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3-1 (iii) a description and list of potential human and/or environmental exposure pathways pertinent to the
Future Use of the property;

2-16 (iv) a list, and map defining all source areas, areas of contamination or contaminant discharge areas;

2-16 (v} a discussion of contaminant mobilities, including estimates of contaminanis to be transported by
wind, volatilization, or dissolution in water. For those contaminants that are determined to be mobile
and have the potential to migrate and contaminate the underlying ground water resources, the applicant
should also evaluate the leachability/mobility of the contaminants. This evaluation should cousider,
but not be limited to, the following: leachability/mobility of the contamination; health-based ground
water standards for the contamination; geological characteristics of the vadose zone that should enhance
or restrict contaminant migration to ground water, including but not limited to grain size, fractures and
carbon coantent and depth to ground water. This evaluation and any supporting documentation should
be included in the plant submitted to the Department.

34 3) The applicant should then provide, using the information contained in the application, a risk assessment
in accordance with standard EPA policy, or calculation of appropriate cleanup levels, using CDHPE
hazardous Materials and Waste Management Division’s "Interim Final Policy and Guidance On Risk
Assessment For Corrective Action At RCRA Facilities® (November 16, 1993). The Department will
evaluate this analysis based on an acceptable excess cancer risk of 1 x 10° or hazard index <1.

YOLUNTARY CLEANUP PROPOSAL

The voluntary cleanup plan must address known or potential releases of contaminants considering the human health
and environmeatal risks of those contaminants in both the present and future [and use sceparos. The plan must
demonstrate that wither all applicable state standards will be met, or for contaminants where no standard exists, that
the risk level has been reduced to an acceptable level (excess cancer risk of 10%, or hazard index <1).

The remediation alternative selected should be described in sufficient detail to aliow the Department to evaluate
whether or not the applicant will be capable of remediating all contamination identified at the subject property within
the specified 24 month time limit set down in 25-16-306(4)(a). This plan should, at a minimum, include the
following information:

4-7 1) A detailed description of the remediation alternative, or alternatives selected, which will be used to
remove, or stabilize contamination released into the environment, or threatened to be released into the
environment.

49  2) A map identifying areas to be remediated, the area where the remediation system will be located, if it
differs from the contaminated areas, locations of confirmation samples, the locations of monitoring wells,
areas where contaminated media will temporarily be stored/staged, and areas where contamination will not
be remediated.

4-9 3) Remediation system design diagrams showing how the system will be constructed in the field,
4-17  4) A remediation system operation and maintenance plan that describes, at a minimum, how the system

will be operated fo ensure that it functions as designed without interruptions and a sampling program that
will be used to monitor its effectiveness in achieving the desired goal.
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5) The plan should describe how the waste, or contaminated media will be managed prior to treatment,
and/or disposal,

6) The plan should discuss whether or not a hazardous waste witl be generated by its implementation (e.g..
through the excavation of contamination, which may have been discharged pdor to 1980, but which would
become a hazardous waste upon being dug up or managed), and the volume of this material. The plan
should also describe how such hazardous waste will managed in accordance with current state and federal
hazardous waste regulations,

7) If applicable, the plan should describe the sampling program that will be used to verify that treatment

A_pplicable of the contaminated media has resulted in a non-hazardous waste,

Not

8) The plan should described the sampling program that will be used to verify the no contamination above:

Applicable the health-based cleanup standard has been allowed to remain in the environment, or at a location that

4-18

423

4-22

4-21

could potentially threaten buman health and the environment.

9) The plan should describe sall sampling collection methods to be utilized along with the field and/or
laboratory methods that will be used to analyze the samples.

10) The plan should include a schedule of implementation.

11) The plan should identify all permits (Federal, state and/or local including, if necessary, EPA Form
8700-12-Notification of Hazardous Waste Activity, required on the generation of hazardous waste) that wil)
be needed before the plan can be implemented,

12) The plan should discuss the potential risks associated with the proposed cleanup alternatives, and the
economic and technical feasibility of these alternatives,

4-17—-13) The plan should describe the post-VCUP monitoring plan to be implemented in order to verify

attainment of appropriate standards or risk levels as identified as cleanup targets.
14) If not included in the risk assessment portion of the application, the plan should describe:
(a) a final list of all site contaminants, along with the remaining concentrations;

(b) a final list defining which media (i.¢., soil, surface water and ground water) are contaminated, and
the estimated vertical and areal extent of contamination to each medium;

(c) a final list, and map defining all source areas, areas of contamination or contaminant discharge

Figure 2-1 areas; and

(d) a description of the mechanisms for insuring that use of the land is consistent with the plan,
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Voluntary Cleanup and Redevelopment Act Application
for
Silver Swan Mine Site
Rico, Colorado

1.0 GENERAL INFORMATION

1.1  Applicants

The property owner identified herein in cooperation with the Atlantic Richfield Company
(collectively referred to as "Applicants”) are submitting this application to the Colorado
Department of Public Health and Environment (Department) in accordance with the requirements
outlined in the Voluntary Cleanup and Redevelopment Act (HB94-1299) and the July 11, 1994
Draft Application Form.

The Applicants fully support the voluntary cleanup program as an effective mechanism
to provide for the protection of human health and the environment and to foster both the
redevelopment and reuse of mined lands occupied by the historic inactive Silver Swan mine
facility ("Site") at Rico, Colorado (Figure 1-1). The Applicants are as follows:

1. Atlantic Richfield Company (ARCO), prior owner of certain property
2. Rico Properties, L.L.C., current property owner

1.2  General Site Information
This section provides general site information, as specified in the application form.
L. Location and Size of Site
a. General Site Location and Size.
The site is located on the west side of Dolores River corridor in southwest portion
of the Rico townsite, The Silver Swan is a historic inactive underground mine.
The site area is approximately 4 acres and includes the rock-filled mine adit

portal, main wasterock pile (2.3 acres), wetlands (1.5 acres), and a small
wasterock pile (0.2 acres on the east side of the Dolores River).
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b. Land Description.

The Site is located in a portion of the S1/2 of the SE1/4 of the SE1/4 of Section
35, T40N, R11W, NMPM, Dolores County (Figure 1-2):

The Site comprises portions of the A.E. Arms Tract North, A.E. Arms Tract,
F.G. Day Tract, A.E. Arms Tract South, and R.G.S. R.O.W. South (Figure 1-
3).

2. P wner and Contact P

a. A_E. Arms Tract North, A.E. Arms Tract, F.G. Day Tract, A.E. Arms Tract
South, and R.G.S. R.O.W, South.
Book 266, Page 448, 451 and 452, Dolores County Clerk.
Rico Properties, L.L.C.
P.0O. Box 220
17 Glasgow Avenue

Rico, CO 81332
Contact: Stan Foster, Manager (970) 967-5441

3. Type and Source of Contamination

Heavy metals derived from historic passive mine drainage and mineralized mine waste
(predominantly iron, lead and zinc).

4. Site Coordinates
N15935, E18630 at Silver Swan adit based on Town of Rico survey coordinate system

where N20000, E20000 is the point of intersection of Glasgow Avenue (Highway 145)
and Mantz Street. Global positioning system coordinates are not available.

5. Statement of Request for Approval

The Applicants request approval of Voluntary Cleanup Plan (VCUP).
6. urrent Land Use

Undeveloped inactive mine site. See Rico area current land use map (Figure 1-4).
7. Proj Land

Continued undeveloped historic inactive mine site.
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Program Inclusion Questionnaire

This section answers the questions listed in the application form as required to determine

that the applicants meet the criteria for eligibility under the Act. An answer "yes" to question
1 and "no" to questions 2-6 indicate a determination that the application is eligible for the
Voluntary Cleanup Program.

1.

“Is the applicant the owner of the property for the submitted VCUP or NAD? IF yes,
verify ownership.”

Yes. The owner applicant, Rico Properties, L.L.C., is the current owner of the
properties for the submitted VCUP. Ownership is verified according to Book and Page
number of applicable conveyance instruments on record with Dolores County Clerk (See
Section 1.2).

"Is the property submitted for the VCUP or NAD listed or proposed for listing on the
National Priorities List of Superfund sites established under the federal act (CERCLA}.”

No.

*Is the property submitted for which the VCUP or NAD the subject of corrective action
under orders or agreements issued pursuant to the provisions of Part 3 of Article 15 of
this Title or the federal °Resources Conservation and Recovery Action of 1976", as
amended? If yes, please list order number. "

No.
"Is the property submitted for the VCUP or NAD subject to an order issued by or an

agreement (including permits) with the Water Quality Control Divisior pursuant to Part
6 of Article 8 of this Title? If yes, please list order or permit number. *

No.

"Is the property submitted for the VCUP or NAD a facility which has or should have a
permit or interim status pursuant to Part 3 of Article 15 of this Title (RCRA Subtitle C)
Jor treatment, storage, or disposal of hazardous waste? Yes, please list permit number. "

No.
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6. “Is the property submitted for the VCUP or NAD subject to the provisions of Part 5 of
Article 20 of Title 8 (Underground Storage Tank - State Oil Inspecior), C.R.S. or of
Article 18 of this Title (RCRA Subtitle 1}2"

No.
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2.0 ENVIRONMENTAL ASSESSMENT

2.1 Introduction

Pursuant to the specific information requirements outlined in the Voluntary Cleanup and
Redevelopment Act, the environmental assessment section and appended documents provide the
following categories of information:

® Qualifications of professionals who prepared the environmental assessment,
applicable standards/risk determination and voluntary cleanup plan sections of this
application;

* Location/size, operational history and current use of the Site;

L Physical and ecological characteristics of the Site, including descriptions of site
investigations and results and previously implemented remedial measures;

L Nature and extent of on-site and off-site contamination; and

. Brief explanation as to why certain specifically requested information is not
applicable.

2.2 Qualification of Environmental Professionals

"Environmental assessments must be submitted by qualified professionals, who are defined
as persons having education, training, and experience in preparing environmental studies
and assessments. The applicant should submit documentation, in the form of a statement
of qualifications or resume, that the environmental assessment has been prepared by a
qualified environmental professional. ”

The environmental assessment, applicable standards/risk determination and voluntary
cleanup plan have been prepared by a qualified team of environmental, risk assessment, and
engineering professionals selected by Atlantic Richfield Company (ARCQO). A corporate profile
of the lead environmental engineering contractor, ESA Consuitants Inc. (ESA), and the
qualifications of the key personnel from ESA and other consulting firms who prepared the
environmental assessment, risk determination and/or voluntary cleanup plan are included in
Appendix A.

DACLEANUP.FNL\SLVSWNISECTION? 2-1
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2.3  Location and Size of the Site

"The applicant should provide the address (if applicable) and legal description of the site
and a map of appropriate scale identifying the location and size of the property.”

The required information is provided under Section 1.2 General Site Information. The
location and size of the Site are identified in Figures 1-2, 1-3 and 2-1. Figures 2-2a and 2-2b
are photographs of the Site.

2.4  Operational History

"The applicant should describe the operational history of the property in detail, including
the most currens use of the property. This description should include, but not be limited
to:

L a description of all business/activities that occupy or occupied the site as far back
as records/knowledge allows; and

L a brief description of all operations which may have resulted in the release of
hazardous substances or petroleum products at the site, both past and present,
including the dates activities occurred at the property, and dates during which the
consaminants were released into the environment. "

2.4.1 Introduction

There are a number of mines and associated surface disturbances located on the southwest
side of the Rico district on the west side of the Dolores River (Figure 1-2). The Silver Swan
mine is about a half a mile south of the Iron Clad group (Santa Cruz mine area). There are no
reports in the literature of any ore processing facilities having been located at the Silver Swan
mine or the other mines west of the river. The Silver Swan mine is currently discharging water
and mine wasterock piles exist on both sides of the Dolores River (Figure 2-2a).

2.4.2 Period of Active Operation (1917-1972)

The first mention of the Silver Swan mine appears in 1917 with two cars of ore shipped
during April of that year. The Silver Swan mine was acquired by Rico Mining and Reduction
Company in 1926. These holdings were transferred to St. Louis Smelting and Refining
Company in May 1927. St. Louis developed these holdings and ore from this mine was
apparently shipped to custom mills in Bauer, Utah (CBM, 1926) from 1926 through 1929,

Several carloads of ore from the Silver Swan were shipped to Utah in 1947, From 1949

through 1953, Rico Argentine Mining Company (owner/operator) processed the ore at its Rico
Argentine mill on Silver Creek. Mine production in 1951 was 15 tons per day (CBM, 1951).

DACLEANUP, FNLASLVSWNIASECTION2 2-2
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No records of any production after 1953 have been identified. Reported activity at the Silver
Swan seemingly ended in 1972 with the conclusion of Rico Argentine’'s exploration and
assessment work (CBM, 1972).

2.4.3 Period of Inactive Operations (1972-Present)

In 1981, Anaconda Minerals Company blocked access to the adit portal, a porous
rockfill, and cleaned up the surface of the area as a part of a hazard abatement program. The
rockfill was designed to allow mine drainage to continue.

2.4.4 Current Land Use

Applicant shall describe the “current land uses, zoning, and zoning restrictions of all
areas contiguous to the site”.

The Site remains as an undeveloped inactive mine site on private land (Figure 1-3).
Contiguous area land use includes the undeveloped Dolores corridor and San Juan National
Forest land, The eastern portion of the Site lies inside the Town of Rico and is subject to
zoning.

Appendix B provides a description of existing and future land use considerations for the  Se
Rico area. This information is important to the voluntary cleanup process at this Site because y\-uqf i3
the Site is being considered as one of the elements of the Town of Rico’s proposed Dolores
River corridor plan. As such, it would be integrated into the Town’s community-based master
plan.

2.4.5 Other Requested Operations Information

L A list of all "site specific notifications made as a result of any management
activities of hazardous substances conducted at the site”.

No such activities have been conducted by the Applicants at the Site.

® A list of "notifications to county emergency response personnel for the storage of
reportable quansities of hazardous substances”.

No such notifications have been made by the Applicants. No hazardous
substances are stored at the Site.
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. A list of "notifications made to State and/or Federal agencies as a reporting spills
and/or accidental releases”.

No such notifications have been made by the Applicants.

® A list of all "known hazardous substances used at the site, with volume
estimates”.

The Applicants are not aware of any known hazardous substances used at the Site.

. A list of all "wastes generated by current activities conducted at the site, and
manifests for shipment of hazardous wastes off-site”.

There are no current activities generating any wastes at the Site.

L A list of all “permits obtained from State or Federal agencies required as a result
of the activities conducted at the site”.

Due to the historical inactivity at the Site, no State or Federal permits have been
required.

2.5  Physical and Ecological Characteristics of the Site

“The applicant shall describe the physical characteristics of the site...":

2.5.1 Climate

The climate at Rico is characterized as semi-arid with long, cold snowy winters and
short, moderately warm and wet summers. Monthly and annual climatic data has been compiled
by the Colorado Climate Center at Colorado State University for Rico station 57017 from 1893
through 1993, The annual mean temperature is 38.7°F. The warmest months are June, July
and August with monthly mean temperatures of about 52, 57 and 56°F respectively. The highest
monthly mean maximum and minimum temperatuses also occur during these same months, The
coldest months are December, January and February with respective monthly mean minimum
temperatures of 6.9, 5, and 7.2°F. The growing season is relatively short because the annuat
frost-free period for soils ranges between 40 and 75 days (NRCS, 1995).

Mean annual precipitation is about 27 inches. Most of it occurs as snowfall in the fall,
winter and spring which averages 173 inches per year. Average total monthly precipitation
ranges between about 1.4 and 3 inches. Eight months average between 2 and 3 inches of
precipitation and four months average between 1.4 and 2 inches. The driest month is June .
The wettest months are July and August with rainfall averaging almost 3 inches each month.
The driest fall month is November averaging about 1.9 inches.
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2.5.2 Topography

The topographic characteristics of the Rico Mountains area are high relief, very steep to
steep mountain sideslopes, and steep to moderate sloping tributary stream valleys, all of which
abruptly descend upon the gently to moderately sloping and relatively narrow Dolores River
valley (Figures 1-2 and 2-1). Many of the steep draws and gulches formed on the hillsides on
both sides of the Dolores River and its Silver Creek tributary are snow avalanche chutes.
Elevations in the Rico area generally range from over 12,000 feet at the crest of surrounding
mountain peaks, such as Telescope Mountain (12,201) and Dolores Mountain (12,112) to
8,700+ feet in the Dolores River valley at Rico. The intersection of Glasgow Avenue (Highway
145) and Mantz Street in the Town of Rico is at an elevation of about 8,800 feet.

The Silver Swan mine area is situated at the base of the steep Expectation Mountain east
slope on the west side of the Dolores River valley (Figure 2-1). The valley elevation at the
Silver Swan is about 8,660 feet and the crest elevation of the wasterock pile is about 8,680 feet.
The topography of the mine area is depicted in Figure 2-1.

2.5.3 Surface Water Bodies

The Dolores River below the Town of Rico has a mean annual historic flow of 132 cfs
with a typical seasonal flow range of between 20 and 600 cfs. Monthly flow data for the
Dolores River for the period 1951 through 1993 is summarized in Table 2-1. Flood frequency
analysis data and floodplain for 100-year and standard-project floods are provided in Appendix
CI1B. The annual high flows occur during snowmelt runoff in May and June. The annual low
flow period occurs in November through March with January and February having the lowest
average monthly flow of 19 and 18, respectively. The 100-year flood pezk is estimated at about
2,700 cfs (D&M, 1981a). Dolores River water quality is described in Section 2.6.3.

2.5.4 Surface Water and Ground-Water Supplies

There is no use of surface water or ground water as sources of water supplies at the Site
or in areas contiguous to the Site. Silver Creek is the source of water supply for the Town of
Rico. The point of diversion for the water supply is located approximately 1.25 miles above the
townsite, (Figure 2-3). Although the west Rico area is also served by the town’s water supply
system, at least three residences obtain water from Iron Gulch.

There are no known ground-water monitoring or supply wells within the one-half mile
radius of the Site. Colorado Division of Water Resources records were searched for all
registered wells in the east end of Dolores County. Most of the wells of record are located
several miles west of Rico in the Dunton area in the West Dolores River Basin (Figure 1-1).
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AVG .19
MAX 38
YR 1958
MIN g
YR. 1990
COUNT 3%

Feb

18 .

34
1985

1561
39
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29
72

1972
11

1964
39

TABLE 2-1

Monthly Flow Data for Dolores River 1951-1993

Apr
123
242

1962
43

1975
39

USGS Gauging Station 0916500

May
458
1015
1958
99
1977
19

(Flow in ¢fs)
Jun Jul
566 171
1288 646
1957 1957
T 37
1977 1959
39 39

Aug
81
255
1957
31
1972
39

Sep
62
224
1982
17
1956
39

Oct
42
133

1972
15

1956
36

Nov
28
58

1972
12

1956
36

Dec
21
43

1957
12

1963
36

ANNUAL
132
239
1957
40
1977
35
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Figure 2-2a. Silver Swan Site (southwest) September, 1995

Figure 2-2b. Silver Swan Site (south) September, 1995
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There are three registered supply wells in the Rico area. These are located above the
Rico townsite on the west side of the Dolores River valley (Figure 2-3). Two of the wells
supply water for domestic use and are located about 2 miles north of the Site. The third well
is no longer used by the Colorado Department of Transportation and has been abandoned and
plugged. There are no known unregistered water wells within the townsite or along the Dolores
River.

2.5.5 Vegetation Communities/Wildlife Habitats/Sensitive Species

An ecological investigation of the Rico area was conducted by Cedar Creek Associates
in June 1995 to characterize major vegetation communities/wildlife habitats, identify general
impacts from mining-related and other land use disturbances, and assess the potential occurrence
of sensitive species. The area of investigation included the Dolores River valley between Horse
Creck and the Rico Cemetery. The results of the investigation are provided in a report prepared
by Cedar Creek (1995a), which has been submitted with this application under separate cover.
Ecological characterization information included in the report concerning the Site and contiguous
areas is summarized below. Figure 2-4 is a vegetation communities/wildlife habitats/land use
map.

2.5.5.1 Vegetation Communities/Wildlife Habitat

Wasterock material is largely barren and devoid of vegetation, but includes small areas
of disturbance exhibiting natural revegetation. The predominant vegetation/wildlife habitats
contiguous to the Site are in good condition, stable and used by wildlife at expected levels. The
predominant vegetation communities contiguous to the Site are:

* Spruce-fir woodland on the mountain slopes immediately above the Site; and
® Wetland/riparian in the Dolores River corridor.

The spruce-fir community is the second most extensive vegetation type in the Rico area.
It is located primarily above 8,500 feet elevation. The structural diversity and condition of the
spruce-fir woodland is excellent and stable. Overall, the apparent biodiversity of this community
appears to be very good with use by wildlife, especially big game species, at expected levels.

The natural wetlands in the riparian corridor are largely related to natural stream channel
fluctuations of the Dolores River and the activity of beavers. Side channels of the Dolores River
and/or tributaries are occasionally dammed in a typical stair-stepped manner.

The structural diversity of the natural wetland community is fair to good owing to a dense

herbaceous stratum interspersed with some pools and ponds and an intermittent, and often thick,
shrub stratum typically dominated by willows. Structural diversity can be rated as excellent
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where an overstory of cottonwood, spruce, or alder is present. The wetland community’s utility
as wildlife habitat is superior to all other communities with the possible exception of the riparian
type. Wetlands provide an excellent source of both forage and cover to a wide variety of
species, from big game to furbearers to avifauna. Furthermore, wetlands typically provide the
only source of free water available for wildlife consumption during drier portions of the year.
The natural wetlands condition and trend are rated very good and stable, respectively. A more
detailed description of the wetland at the Site is provided in Section 2.5.6.

The riparian community/habitat is the fourth least extensive type within the Rico area and
typically exists as one of two forms. The primary type occurs along the majority of the Dolores
River corridor exhibiting a predominance of willows and young cottonwoods and alders. The
second form consists of the first type with an overstory of mature or nearly mature narrow-feaf
cottonwood. Furthermore, the riparian type forms complexes of inseparable units with several
other communities including: wetlands, wetlands and old disturbance areas, and spruce-fir
woodland (Figure 2-4).

The structural diversity of the riparian community is good to excellent. The riparian
community’s utility as wildlife habitat is superior to all other communities with the possible
exception of the wetland type. Like the wetland type, the riparian community provides water
and is an excellent source of both forage and cover to a wide variety of species, from big game
to furbearers to avifauna. Furthermore, the physiognomic and topographic nature of the
community enhances its utility as a travel corridor for migratory big game animals such as elk
and mule deer.

2.5.5.2 Threatened/Endangered Species and Critical Habitats.

There are no known or suspected occurrences of listed threatened or endangered species
or critical habitats in the Rico area (Cedar Creek, 1995a).

2.5.6 Silver Swan Site Wetland

The information provided in this section is based on the wetland investigation conducted
by Pintail Systems and Schafer Associates (PSI and SA, 1995; report provided with application
under separate cover),

2.5.6.1 Hydrology

The Silver Swan adit discharges from the hillside into the southern portion of a low-
gradient grassy meadow/wetland area that totals about 1.5 acres. The portion of the wetland
formed by the adit drainage is a series of ponds bordered by willows that have developed on top
of lower areas of a series of wasterock piles. In June 1993, the adit discharge was about 50
gpm, which is equal to its average discharge rate as described in Section 2.6.2. In October
1995, the adit discharge had decreased to about 20 gpm.
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The wetland formed by the adit drainage has developed on top of a wasterock pile and
the water infiltrates into the pile before reaching the Dolores River. Less diverse vegetation in
this meadow/wetlands has an obvious effect on the discharge hydrology. A more extensive
vegetation cover would stabilize and distribute flow from the adit and upland slopes. Erosion
within the stream channel is apparent and flow control from vegetation is minimal,

The northwestern portion of the meadow/wetland is a grassy area that receives drainage
from one of two small streams that flow from the hillside over the Sulphur Creek alluvial fan.
The stream draining into the meadow/wetland initially flows through an aspen/conifer glen in
a sell-developed channel. The channel disappears as the water flows into the grassy area. In
October 1993, this stream had a flowrate of about 28 gpm before it entered the grassy area. The
second stream on the alluvial fan is less than 50 feet to the north of the first stream. It has a
well-developed channel that flows into the northernmost part of the grassy wetland complex on
the north side of an apparent drainage divide. The channel drains away from the wasterock and
enters the Dolores River to the north. This drainage was flowing in June 1995, but was dry
during the October 1995 sampling visit,

The meadow/wetland is affected by seasonal variations of adit discharge, snow melt and
precipitation. In June 1995 the watertable in the grassy area was just at or near ground level.
In October 1995, the watertable was encountered at a depth of about 3 feet below the surface
in an excavated trench. The soil in the grassy area consists of about 1.5 feet of typical wetland
organic substrate underlain by alluvial sand and gravel. Flow from grassy meadow/wetland joins
the adit discharge/pond complex at the northwest end of the series of wasterock piles. The
combined flow discharges to the Dolores River through a channel just north of the wasterock
piles. In October 1995, all of the combined drainage disappeared into the alluvium in the
drainage channel about 50 feet upstream of its confluence with the river.

2.5.6.2 Site Ecology and Biology

The Silver Swan area wetland is a meadow/wetland complex established on an alluvial
terrace above the Dolores River. The Silver Swan area receives drainage from the mine adit,
upslope surface run-off and precipitation into less than 1.5 acres of a poorly established
meadow/wetland drainage.

Natural wetlands at the Site were ficld evaluated for dominant plant communities. The
Silver Swan meadow/wetland area has few emergent soft-stemmed aquatic plants. The major
community identification for the Silver Swan area would be graminoid dominant
meadow/wetland with woody species emergent around the borders of the wetland. This is an
area that could under the right time and conditions develop into a more productive wetland area
but would be defined as poorly productive at the present time. Species diversity suggests that
only simple remediation mechanisms (precipitation) are available for metal removal. The wet-
land area adjacent to the Silver Swan adit receives no other continuous source of surface water.
Species identified during the field survey include sedges (Carex), grasses (Poa) and willow
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(Salix). The opposite site of the Dolores River is colonized by a more diverse community of
sedges, rushes, willow and graminoid species grading up to several woody-stemmed shrubs
including Caprifoliaceae spp, Artemisia, Saxifraga and Compositae.

2.5.6.3 Wetland Sediment Geochemistry

Composite grab samples of sediment were collected at two locations about 20 and 70 feet
downstream from the Silver Swan adit. The sample nearest the adit was mainly orange iron
hydroxide floc. The second sample was black muck collected from among pieces of wasterock
in the wetland. Total concentrations of iron, manganese, and zinc in the sediment samples are
given in Table 2-2. The sediment sample nearest the adit contains over 25 percent iron. Based
on the sediment color, this iron is in the form of hydroxide floc. Manganese concentrations in
both sediment samples, at about 3 mg/kg, are low compared with typical oxidizing soils and
sediments. On a worldwide basis, manganese in soils varies from about 10 to 9,000 mg/kg, and
the maximum in the frequency distribution is between 200 and 800 mg/kg (Kabata-Pendias and
Pendias, 1984). The relatively low manganese concentration in some of the sediments is
probably due to Eh conditions (Table 2-3) that are somewhat reducing because manganese is
typically most soluble under reducing conditions. The zin¢ concentration in the wetland
sediment, at 7 mg/kg, is the highest measured in the Rico area wetland studies, but is still low
by comparison with average soil or stream sediment zinc values. The average concentration of
zinc in soils in the U.S. is 50 mg/kg in limestone terrain, and 75 mg/kg in volcanic terrain
(Kabata-Pendias and Pendias, 1984). The higher concentration of zinc in the lower redox
wetland sediment suggests that small amounts of zinc sulfide could be precipitating in the
sediment as the drainage seeps through the wetland/wasterock environment. Thus, the reducing
sediments may be removing dissolved zinc from any drainage passing through them.

Table 2-2
Silver Swan Wetland Sediment Analysis - Total Metals

#1 Silver Swan adit sedi- 25.3 3.3 2.5 20 ft
ments

#2 Silver Swan wetland 10.4 2.6 7.0 70 ft
pond

D:ACLEANUP.FNL\SLVSWN\SECTION2 2-9



Silver Swan Mine Area
VCUP Application
Revision: 0
MNovember &, 1995

Table 2-3
Silver Swan Wetland Sediment pH & Redox Potential

#1 Silver Swan adit sediments 6.3 70 20 ft
#2 Silver Swan wetland pond 6.3 -80 70 ft
2.5.6.4 Wetland Microbiology

Analysis of the Silver Swan sediments for total heterotrophic and sulfate reducing bacteria
is shown in Table 2-4. Heterotrophic bacteria are single-celled microorganisms that derive all
of their nutritional needs from organic substances.

Table 24
Wetland Sediment Microbiology

#7 Silver Swan 1Jun 95 | 3.5x10° | 2.0x10? 175:1 20 70
adit
#8 SS wetland [ June 95 { 5.0x10¢ 2.6x10¢ 2:1 70 -80

The results indicate that the sediments from the Silver Swan site contain diverse species
of heterotrophic and sulfate-reducing bacteria (SRB). Heterotrophs can live both in the presence
and absence of oxygen. Some species of these bacteria can aid in precipitating metals as
hydroxide species by raising the pH and Eh in their microenvironments. SRB require anoxic
conditions. They produce hydrogen sulfide, which can react with dissolved metals to form metal
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sulfides that precipitate, removing the metals from the water. Thus, both types of bacteria can
remove metals form water passing through the sediments.

As shown in the tables, the heterotroph/SRB ratios correspond to the Eh of the sediment,
with the lowest ratios found in the sediments with the lowest Eh values, indicating that each type
of bacteria is most prevalent in its preferred environment. In the previous section on sediment
geochemistry, the higher zinc concentration in the lower redox sediment indicated that zinc
sulfides could be precipitating. The presence of significant numbers of SRB in the more
reducing sediment provides additional indirect evidence that zinc sulfides may be precipitating
there,

2.5.7 Geology

A geologic map and detailed descriptions of the geology and ore deposits of the Rico
district are presented in U.S. Geological Survey Professional Paper 723 (McKnight, 1974). A
geologic map of the Rico quadrangle has been published by the U.S. Geological Survey (Pratt,
McKnight and DeHon, 1969). Figure 2-5 is a portion of the geologic quadrangle map with an
explanation of the map units and symbols. The surficial geology of the Site area, based on the
geologic quadrangle map and field observations, is depicted in Figure 2-1.

The dominant structure in the district is the faulted Rico dome (Figure 2-5). The major
faults in the district are east-west trending normal faults. Many of the faults in the district in
the district have been extensively mineralized, especially the Blackhawk fault. The Blackhawk
fault cuts northwest to southeast diagonally across the other faults and the Silver Creek valley
east of Rico where the mineralized fault zone has been extensively mined.

Bedrock in the Rico district comprises a wide variety of consolidated sedimentary strata
ranging in age from Precambrian to Permian and Tertiary age igneous rocks that intrude
sedimentary strata. In general, the older rocks are exposed in the Dolores River and Silver
Creek valleys. Surficial deposits include alluvium (stream deposits), talus (rock debris) and
slope wash (soil and rock debris), landslide deposits, and calcareous tufa (calcium carbonate
deposits) (McKnight, 1974).

The Hermosa Formation is the most widely distributed formation in the mining district
and comprises arkoses, sandtones, shales, conglomerates, and interbedded limestones. The
Hermosa has been of great economic interest because most of the ore deposits in the district
occur in it, particularly in the limestones (McKnight, 1974). In addition, it is of considerable
environmental importance because the abundance of limestone, limy shale and limy sandstone
units neutralize the acid-generating potential of sulfide ores, particularly pyrite. This natural
neutralization of mineral acidity throughout the Rico district resuits in reduced potential
concentrations of iron, cadmium, copper, lead, zinc, and other metals present in drainage to
surface water bodies such as the Dolores River, Silver Creek and other tributary streams in the
district.
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GEOLOGIC MAP EXPLANATION
Geologic Map Geologic Map
Age Symbol Map Unit Description Age Symbol Map Unit Description
Holocene Qal Alluvium. Coarse stream deposits (sand, gravel and boulders) Middle Ppr Rico Formation: Predominantly sandstone and arkose, in part
confined to the Dolares River valley flood plain. The flood Pennsylvanian conglomeratic, and subordinate shale and shaly limestone;
plain is narrowed by encroachment of torrential fan debris at sandy beds greenish gray, pinkish gray, purplish gray, or
the mouths of large tributary streams, reddish brown; shaly beds commonly reddish gray or maroon,
Qf Torrential fans. Cone-shaped deposits of coarse alluvium some greenish gray, limestones mostly gray or green, thin, and
formed at the mouths of such tributary streams as Horse gnarly. Overall outcrop massive because of prevalence of
Creek, Aztec Gulch, Silver Creek, and Deadwood Guich. thick sandsiones and arkoses, in contrast to Cutler Formation,
Qtw Talus and slope wash. Shown principally where bedrock Marine fossils present in some limestones and limy
relations are significantly obscured. Mantle of extensive soil sandstones. Top is thick massive sandstone. Baseisa 10-to
and coarse rock debris that has accumulated on the jower 25-foot-thick unit of dark-greenish-gray limy or sandy shale
slopes of mountains at Rico. The debris has washed or fallen that overlies uppermost bed of Hermosa Formation. About
down from higher slopes. 260-325 feet thick.
Ql Landslide deposits. Individual blocks of rock and/or talus and
slope wash deposits that have broken loose and moved en Hermaosa Formation
masse down mountain slopes. The extensive landslide
material underlying CHC Hill is several hundred feet thick and PPhu  Upper member: Arkose, sandstone, some shale, some
had to be traversed by most of the mines on this hill. No such conglomerate (in upper hall only), and minor thin beds of
landslide deposits exist in the Rico townsite area, limestone, some of which are fossiliferous; uppenmost bed is
Qtu Calcarepus lufa, Paiches of calcivm carbonate deposited from a l-fool-thick bed of brownish-gray shaly or sandy limestone;
solution of water from an unidentified spring, which cap the brownish red or purplish gray, especially in upper pan, and
slopes of the landslide and wash debuis in the Alkali Flat area greenish gray, especiatly in lower part. About 720-830 feet
above the Silver Swan mine on the west side of the Dolores thick.
Eiver south of Sulphur Creek. PPhm  Middle member; approximately one-half arkosic sandstone,
one-lhird limestone, one-sixth shale. Distnetive feature of
Lower Tertiary Tm Augite monzonite. Medium-gray instrusive stock west of Rico member is limestone; it is medium to dark gray, massively
composed of andesine crystals and interstitial potassic bedded, fine grained, fossiliferous, and mostly in units 10-40
feldspar, hornblende, or augite and biotite, minor quarlz, and feet thick, which are separated by preenish-gray, dark-gray, or
accessory apatite, sphene, and magnetite, tocally brownish-red sandstones and shales. About 600-650
Tlh Hornblende lamprophyre.  Dark-gray fine-grained rock feet thick i Sandstone Mountain and Silver Creck, thinning
composed of crystals of hornblende, quariz, agate and olivine to about 280 feet in Newman Hill, where massive lumestones
i a groundmass of plagioclase, homblende, agate, and minor constitute about two-thirds of member,
amounts of biotite, magnetite, and alternation products. Forms PPhl  Lower member: greenish-gray bull-weathering micaceous
dike in middle member of Hermosa Formation (PPhm) east of sandstone, siltstone, and arkose, locally conglomeratic, black
Laura mine on Newman Hill. and gray shale, and minor dark-gray limestone or dolomite;
Tap Alaskite porphyry, conspicuous rounded crystals of quartz sandstone and arkose massively bedded or crossbedded,
and, locally, potassic feldspar, in pale-gray fine-grained siltstone and shale thin bedded and slabby. Incompletely
groundmass of polassic feldspar and subordinate quartz. exposed; at least 880 feet thick. -
Forms small dikes, 10-15 feet wide, in lower member of PP Quartzite of Larsen tunnel area: Coarse-grained quartzite
Hermosa Formation (PPhl) in Aztec Gulch and in upper containing quartz groms as much as 1-inch across in finer
----- e nember. of Hermosa Forrnation. (PPhy) south of Silver Creek. .~ grained quartzose matrix; gray (o brown, locally reddish gray,
Thi Hornblende fatite porphyry.  Abundant white plagioclase upper parl inervedded with R gray Silttone or Shils, Gwer
crystals in altered groundmass which ranges from light 1o dark part massively bedded.  Crops owt near Larsen tunnel (one-
gray, greenish pray, or browmish gray, depending on half mile east of Rico along Silver Creck); narrow band
abundance of chlorite and iron oxides as alteration products. through Rico is projected from underground workings and
TFomms sills and small laceoliths a few feet to several hundred drill holes. Aboul 80 feet thick, decreasing to O locally on
feet thick and dikes a few feet to several tens of feet wide, west bank of Dolores River at Rico; basal contact not
throughowt the Rico Mountains. exposed.
Lower Permian Pc Cutler Formation: Interbedded siltstone and arkose. Lower Ml Leadvilte Limestone:  White 1o gray erystallinelimestone and
Siltstone is shaly, poorly sorted, and locally micaceous and Mississippian dolomile containing contuct-metamorphic  silicates and,
(or) arkosic, generally reddish brown; includes minor fine- locatly, minor light-gray chert, Maximum exposed thickness
Zrained sandstone beds and nodular limestones.  Arkose is 20 feet. Underdain in subsurface by Quray Limestone of Late
generally coarse graimed, locally conglomeratic, grading into Devonian age; tolal aggregate thickness of both formations
arkosic conglomerate, and commonly crossbedded; generally 12010 170 fecl.
purplish brown or banded purplish brown and grayish pink;
congloineratic beds pinkish gray or greenish gray, Commonly Precambrian  pE€u Uncompabgre Quartzite: Pale-gray welk-indurated quartzite,
bleached 1o gray near large intrusions or major faults. commonly stained red, conlaining, quartz grains and pebbles;
Generally crops out as rounded ledges (arkose) alternating bedding generally obseure; pyritized chlorite schist layers and
with underculs or slopes (siltstone). About 2,100 feet thick a light-gray dolomile bed present Jocally.  Thickness
where measured in northeast part of quadrangle. unknown, but possibly greater than 1,000 feet.

md Metadiorite: Dark-gray coarse- 10 line-grained unfoliated
rock cantaiming homblende crystals and minor plagioclase
crystals, in a fine-grained mawix of feldspars, quanz,

——— lurl\'r:bl.cndu:, biolite, and chlorite; oceurs as lenses and pods in
. . greenstone (gh.

Contact, showing dip Greenstone: Dark-greenish-gray fine-graned rock, generall
Long dashed where approvimately located; short dashed & penstone. LIark-grociush-gray finc-grancy 1oek, gencratly
—TIEr IRt or inferred Rotiedwhere toncented— SOV DI, unfidisted or poarly foligted but locally phyllitie, consisting of
guartz. with cither actinolite, or muscovite and biotite, and with

) go_-,__ chlorite and epidote.
Fault, showing dip

thrown gide.

workings

-]
Strike and dip
of beds

Long dashed where approximately located, ghort dashed where inferred, dotted

where concealed; queried where existence ia uncertain. Bar and ball on down-
Vertical displacement, in feet, shown where measured or caleu-
lated. Faults in lendslide area of CHC Hill projected from underground

Approximate crestline of elongated dome

o
Strike of vertical

Concealed infetred fault
4—--—-——-{—-—--—-»
__.______*.._____.?...

Doubtful syncline

T3

Strike and dip
of foliation

@
Horizontal beds
beds

Source: Modified (rom Prati, Walden P., Edwin T. McKnight and Rene’ A.
DeHon. 1969. Geologic map of the Rico Quadrangle, Dolores and
Montezvma Counties, Colorado. USGS Geologic Quadrangle Map
GQ-797; and McKnight, Edwin T. 1974. Geology and ore deposits
of the Rico District, Colorado. USGS Prolessional Paper 723,
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The predominant ore deposits of the district consist of 1) massive sulfide replacement
deposits in limestones of the Hermosa Formation, predominantly; 2) contact-metamorphic
deposits of sulfides, specularite (micaceous iron oxide), and magnetite in limestones, chiefly of
the Quray and Leadville Limestones but also of the Hermosa Formation; and 3) veins on
fractures and small faults in lower Hermosa sandstones and arkoses (McKnight, 1974).

Massive sulfide and contact-metamorphic deposits were the most productive of base
metals with byproduct silver in the district. The most abundant sulfide mineral is pyrite (iron
sulfide). Sphalerite (zinc sulfide) is second and galena (lead sulfide) is third in abundance.
Least common of the base metals is chalcopyrite (copper-iron sulfide). These minerals are also
associated with mine waste and mill tailings generated by the mining and processing of the
produced ore.

The bedrock unit underlying the Dolores River valley in the Site area is the lower
member of the Hermosa Formation, which is concealed by valley fill deposits (Figures 2-1 and
2-5). Ore production from the Silver Swan derived from lower Hermosa veins on fractures and
replacement ore deposits in shaly limestone and limy shale containing massive sphalerite, galena,
pyrite, chalcopyrite, and silver. The mine waste derived from such production contains these
same minerals.

Mine waste was deposited on alluvium/stream gravel deposits (Qal) along and next to the
Dolores River in the immediate vicinity of the adit (Figures 2-1). These deposits are confined
to the valley of the Dolores River and their continuity in extent is not interrupted along the river
in the townsite area. The thickness of these deposits in the valley is unknown but is presumed
to be in excess of 10 feet. Because the Rico area is near the headwaters of the river, alluvial
deposits are characterized by a very coarse texture (predominantly gravel, cobbles and boulders).
The upper few feet of these deposits are exposed along the west bank of the river below of the
toe of the waste pile.

Surficial deposits on the hillside that form the west and northwest side of the Site
comprise 1) coarse-textured talus and slopewash (incudes fan on north side of the waste pile)
(Qtw) and 2) landslide deposits of talus, slopewash (Ql).

There are no mapped potentially active faults within a 30-mile radius of Rico (Kirkham
and Rogers, 1981). The Rico area is located within the Colorado Plateau seismotectonic
province, which is characterized by relatively low historic seismicity. The primary potential
hazards are re-activation of landslides and flood events along the Dolores River. No evidence
of recent landslide movement has been observed. Indicators of instability, such as pistol-
buttered tree trunks, slump features, and the like are not evident. The proposed remediation
measures (Section 4.0) include design criteria for protection against reasonable flood events.
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2.5.8 Aquifers

Ground water occurs in two flow systems in the Site area: shallow unconfined ground
water in surficial alluvial/colluvial deposits and fan deposits; and in unconfined to semi-confined
ground water in bedrock units.

2.5.8.1 Alluvial Flow System

Shallow ground water occurs in the alluvium/colluvium in the Dolores River valley,
alluvial fan deposits that have formed at the mouths of tributary streams, such as the Sulphur
Creek fan on the north side of the Site, and in slope wash and talus deposits. Ground-water
recharge is by direct infiltration of snow melt and rainfall, and infiltration from tributary streams
where they cross alluvial fan and slope wash deposits, Ground-water movement is down slope
toward the Dolores River or tributary streams, or into bedrock through complex fracture
systems. The Dolores River acts as a drain or line sink for discharge of shallow ground water
where ground water discharges either directly to the river or to the wetlands along the river, or
is lost through evapotranspiration. The thickness of the alluvivm along the river is
undetermined, but it is assumed to be less than 50 feet. Although there are no wells in the
Dolores River valley bottom, the depth to ground water (water table) is generally expected to
be less than ten feet and hydraulically in contact with wetland surface water bodies.

2.5.8.2 Bedrock Flow System

Ground water occurs in the bedrock complex that underlies and forms the mountain
slopes on both sides of the Dolores River valley. Ground-water storage and flow in the bedrock
system is predominantly associated with complex fracture systems and solution channels in
limestone units where such exist. The principal source of ground-water recharge is infiltration
from streams and alluvium/colluvium and by direct infiltration of snowmelt and rainfall. Water
may discharge by hydraulic seepage to streams, alluvium/colluvium, springs, wells, or
underground mine workings. Discharge of water from mines that intersect water-bearing -
fracture systems and mineral veins is a common occurrence in the Rico district and can
significantly lower the water table in mined areas. For example, the water level in mines
interconnected with the St. Louis tunnel has been lowered by about 450 feet and water continues
to be drained from a large block of mineralized ground (McKnight, 1974) with seasonal
discharge generally ranging from about 500 gpm to 1,900 gpm (PTI, 1995a). Similarly, on the
west side of the Dolores River, the Silver Swan, Santa Cruz and other mines drain a significant
block of mineralized bedrock, but with lower seasonal flows than the St. Louis tunnel system.
For example, the historic flow data for the Silver Swan discharge indicate an average flow of
about 50 gpm with a range of no flow to 193 gpm. The quality of the Silver Swan adit
discharge is described in Section 2.6.2.
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2.5.9 Ground-Water Monitoring and Supply Wells

"If groundwater contamination exists, or if the release has a potential to impact
groundwater, the applicant should provide.. listing of all wells within the one-half mile
radius of the site, together with a map showing the locations of these wells;..."

There are no known ground-water monitoring or supply wells on the Site or within a one-
half mile radius of the Site. As described in Section 2.5.4, there are only two supply wells in
use in the Rico area and they are located in the Dolores River valley about 1.4 miles northwest
of the Site (Figure 2-3).

2.5.10 Silver Swan Site Physical Characteristics
2.5.10.1 Area and Volume

The total tonnage of on-site wasterock piles material derived from the Silver Swan mirne
is about 21,000 tons (15,000 c.y.), covering a footprint area of approximately 2.0 acres (shown
as the hatch in Figure 2-1). Copies of volume calculations are included in Appendix C4.

2.5.10.2 Surface Conditions

Two non-mineralized wasterock piles flank either side of the adit and are well vegetated.
The pyritic wasterock materials are primarily composed of fine to coarse grained sand, gravel
and larger sized materials and are generally devoid of vegetation except in isolated areas where
topsoil has collected or small wetlands fed by the adit discharge have developed. Cedar Creek
Associates (1995b and 1995¢) has conducted a study characterizing the revegetation potential of
tailings and borrow materials in the area and a revegetation plan for the Site. The revegetation
study report and revegetation plan are provided under separate cover with this application.

The Silver Swan mine adit is the only known adit in the area. The adit is completely
covered and discharging through cobble sized wasterock blocking the adit. The water quality
of the discharge is described in Section 2.6.2.

North of the pyritic wasterock pile, in the Dolores River floodplain, lie natural wetlands
fed by upland runoff and, to a lesser extent, adit discharge that seeps into the pile and emerges
in the wetlands. The wetlands eventually discharge to the river at the northeast comer of the
main pile, as described in more detail in Section 2.5.6.

A steep, narrow 76 acre drainage basin is situated directly west of the pile. The Sulphur
Creek basin (521 acres) drains to a debris flow fan north of the pile and appears to contribute
flow to the wetlands by infiltration into the fan and subsequent emergence into the wetlands. A
majority of the Sulphur Creek flow is diverted along the fan away from the Site to the north and
eventually discharges to the Dolores River,
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Runoff from the pile generally discharges to the Dolores River or is captured by small
depressions in the pile. Runoff estimates for the upland basins are discussed further in Section
4.3. -

The main pyritic wasterock pile is situated directly on the west bank of the Dolores. It
appears that portions of the pile have been or have the potential to be scoured and discharged
to the river. Dames & Moore (D&M, 1981) performed a flood study of Dolores River which
indicates that the existing pile and adit, except for a portion of the toe of the wasterock pile, is
above the 100-year flood and SPF (Standard Project Flood) levels. The SPF flood corresponds
to a 2 PMF (Probable Maximum Flood) flood.

2.5.10.3 Subsurface Conditions

The main pile may have been placed over an abandoned river meander or the Dolores
river was diverted to the east to make room for the pile. Colluvium from the hills to the west
may also underlie a small portion of the wasterock. No geotechnical or subsurface exploration
data is available. However, the limited field observations conducted indicate that some
component of groundwater flow, most of which is probably derived from infiltration of the
discharge of the Silver Swan adit, is moving through the pyritic wasterock pile towards the
Dolores River and, to a much lesser extent, the wetlands on the north side of the main pile.

2.5.11 Other Requested Information

° The following facilities or systems are not applicable to this application because
they do not exist at the Site:

(iv} facility process units and loading docks;

(v) chemical and/or fuel transfer, and pumping stations;
(vi) railroad tracks and rail car loading areas;

(vii) spill collection sumps and/or drainage collection areas;
(viii} wastewater treatment units

{x) building drainage or wastewater discharge points;
{xi} all above or below ground storage tanks,

(xii) underground or above ground piping;

(xiii) air emission control scrubber or refrigeration units;
{xiv) water cooling systems or refrigeration units;

(xv) sewer lines,

(xvi) french drain systems;

(xvii} water recovery sumps and building foundations,
(xx) chemical or product storage areas;

(oxi) leach fields, and

paii) dry wells or waste disposal sumps.
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2.6 Nature and Extent of Contaminants and Releases
2.6.1 Wasterock Assay Data

Silver Swan wasterock sampled by Anaconda Minerals Company in 1980 was assayed
to determine the economic recoverability of lead, zinc, silver and gold. No data is available
regarding concentrations of other constituents in these materials. Assay data for the wasterock
is given in Table 2-5 (except gold) and Appendix C4. A summary of concentration data for the
metals is presented below.

Lead. The average lead concentration is 15,200 parts per million (ppm) and ranges from
5,200 to 48,300 ppm.

Zinc. The average zinc concentration is 7,900 ppm and ranges from 3,000 to 19,600
ppm.

Silver and Gold. The approximate grade is 1.0 oz/ton silver (36ppm) and 0.005 oz/ton
gold.

2.6.2 Adit and Wetland Discharge Water Quality

Historic adit water quality data for the periods 1980-1983 and 1991-1992 from several
sources (Table 2-6) were reviewed and summarized in Table 2-7. In addition, three water
samples were collected in June 1995: Sample A at the adit discharge point, Sample B on the
edge of the wetland in a backwater about 63 feet downstream from the adit, and Sample C from
one of the seeps emerging along the wasterock pile face that flanks the Dolores River. These
water quality sample locations are identified in Figure 2-1 as stations SS-A, SS-B and SS-C
respectively. Table 2-8 gives the results of field measurements for temperature, pH, specific
conductance, Eh, iron (I), dissolved oxygen, and alkalinity. As the drainage exited the adit,
it had a pH of 5.4, and an alkalinity of 427 mg/l as CaCO;. Thus, it was not acid and it had
significant neutralizing capacity. It also had low dissolved oxygen of 0.2 mg/l, and dissolved
iron (I) of 1.6 mg/l. The dissolved oxygen increased to 6.0 mg/l and the dissolved iron (II)
decreased to 0.4 mg/l within 63 feet of the adit, due to exposure to atmospheric oxygen. It
appears the increased oxygen oxidized the iron (II) and precipitated it as an orange iron (III)
hydroxide floc. The seepage from the wasterock pile (16°C) was significantly warmer than the
adit discharge (8°C). It had a pH of 5.8, no measurable iron (II), and 3.7 mg/l of dissolved
oxygen indicating that any iron in the water was present as suspended iron hydroxide.
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TABLE 2-5
METALS CONCENTRATIONS IN THE SILVER SWAN WASTE ROCK®

Lead Zinc Silver

Sampie No. Location No. (mg/kq) {mgikg) {mg/kg)

80-131-1 2014 6,100 3,000 144
80-131-2 2018 13,800 8,700 28.1
80-131-3 : 202 6,100 4,200 10.0
80-131-4 203A 23,100 14,600 45.6
80-131-5 2038 21,400 18,600 80.6
80-1316 204 7,400 5,200 11.9
80-131-7 205 18,100 8,900 41.3
80-131-8 206 14,600 7,500 244
80-131-9 207 6,400 3,800 5.00
80-131-10 208 12,500 4,700 16.9
80-131-11 209 10,800 8,100 713
80-131-12 210 13,900 5,300 13.8
80-131-13 210A 19,300 15,600 30.6
80-131-14 211 5,200 6,900 263
80-131-15 2118 48,300 19,600 57.5
80-131-16 2124 22,200 9,700 306
80-131-17 2128 6,900 5,500 19.4
80-131-18 213 17,200 5,400 263
80-131-19 214 17,200 9,400 60.3
80-131-20 215 9,200 5,000 266
80-131-21 216 25,600 5,300 30.0
80-131-22 217 23,100 7,300 306
80-131-23 218 17,200 3,300 341
80-131-24 219 7,400 4,700 162
80-131-25 220 8,100 U 8,100 34
Minimum 5,200 3,000 344
Maximum 48,300 19,600 162
Arithmetic mean 15,244 7,936 36.0
UcLMm 19,704 9,714 55.6

? See Appendix C4 for waste pile volume and assay data sheets,

U = Not detected; value represents detection limit

UCLM = Upper 95 percent confidence limit of the arithmetic mean (calculated assuming a lognormal distri
Note: For non-detect values, half the detection limit was used in all calculations
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TABLE 2-6

Summary of Historical

Surface Water Quality Data Sources for Rico Area

Description Data Available Frequency Hardness? Source of Data®
Surface Water
1980 and 1981 surface water data  Dissolved, Total Monthly (OCt 80-Oct 81) Yes CORE for Gibbs & Hill (1981)
1982 Surface Water Data Dissolved, Total, Total Recoverable Three times Yes CORE for SRK (1983)
1983 Surface Water Data Dissolved, Total, Total Recoverable Monthly Yes CORE for SRK (1584)
1984 Surface Water Data Dissolved, Total, Total Recoverable Quarterly No CORE for SRK (1984)
1984 Surface Water Data Dissolved, Total Once No FIT Team (E&E, 1985)
1989-1993 Surface Water Data Dissolved, Total Sporadic {1-10 times during 4 years) No USBR (1995)
SR == g
. All available historic surface water and ground-water data is provided in "Summary of Surface Water and Ground-Water Data for Rico, Colorado”

(PTI, 1995).



TABLE 2-7
Silver Swan Adit
Surface Water Quality Data Summary
(Sampling Stations DR2ZET And D-09)
Hardness|  Alkatinity
Date Ssmpledl G ltant Flow| pHi{as CaCO3}| (mCaCOY | AgD T ] AT | C4.D ) Cd.T ] CuD | CuT | FeD Fe-T Hg.T | PD | PbT | Mn.D | MnT InD In-T
_ Gl (gDl (ng) | (g | G | Ga) 1 (o) | (ugl) g | CagD oD T g [ D [ ] Gl | o | o [ )
30-Oct-80| Gibbs & Hill 23] 1.5 10 10 U Q [ 50 Ul 9880 03 Ul s0U| 30U 2050 3400 3400
20-Nov-80[Gibbs & Hill 45] 7.4 20 20 Ul 10 50 Ul 6600 03 U] 50Ul 30 U{ 2050 2400 2400
12-Dec-80| Gibbs & Hill 45] 1.2 [T K] oul o 3050 [ 03Ul soUl Ul 2so 2300 2500
21.Jan-8] |Cibbs & Hitl ] 22 868 U [ Y] [ [] [ 8000 03 UL SoUj 30U} 2420 2300 2800
23.Feb-81|Gibbs & Hill 36| 7.4 230 5.7 oUl 0uU JU 10U [ 2400 43 VU] 50 U] S0V 250 4200 4200
23.Mar-§1|Gibbs & Hill 45| 69 833 0] U Ul 4 4 5 550 5200 0.05 U [i] Ul 2650 2800 00C
12-Apr-81 | Gibba & Hill 67| 66 676 [ X1 2 22 U 1 2160 3640 0.05 U U U] 1080 1300 400
11-May-81 [ Gibbs & Hill 541 1.0 7355 [ XN 1.1 1.2 3050 3660 0OS Ul 6 3 670 1800 BOC
21-Meay-£i |Dames £ Moore ‘_fgg 555 L 10U 10U 1o 10Ul 10Ul Siso 5200 03Ul soul wU 800 140 150 900
1-Jun-8] |Gibbs & Hill 21 72 755 0.1 U 2 EN U] Ul &0 2110 0.05 U Ul 1U[ 1820 2400 2400
24-Jun-31 |Gibbs & Hill 21 13 763 7] E 1. 1t 26 50 U] 60 0.05 U Ul 1 U] 2350 2100 2600
14-Jul-81 [Oibbs & Hill 21} 1.3 734 L1 U 4 4.4 Uy 2 20 100 2.05 U Ul 1 U] 2050 3200 3200
12-Aug-81[Gibbs & Hill 18] 7 884 2.1 U 7.2 15 [1] U, 30 6700 0.05 U 4 2690 2400 2700
11-Sep-811Gibbs & Hill 22| 65 846 0.1 U 3. 3. ] 3050 7000 0.05 U [V ] 2770 2100 2700
T-Oet-811Gibbs & Hill 211 68 7 3.1 U 1 2140 5800 005 U u 9 2060 2500 2600
16-Jun-82|SRK 1| &2 955 588 1 | 0.05 U] 0.07 26 27 MU 380 0.01 U U Ul 1510 1610 2000 2000
l?-h‘tg- SRK 99| 1.3 01U 01U 1.4 1. 1 50 U 220 0.05 U u 3 480 510 1010 1010
12-Jun-83[SRK 193] 6.9 L Ul U 4 4.5 30 3 150 97 0.05 U f 1750 20050 700 3900
22-5¢p-83[SRK 144] 68 01 01y 1.9 1.9 3 26 50 U] 30 0. U Ul a0 400 400 1400
15-Dec-83|SRK 01U 01U 2 1.9 [ 23 70 210 0.05 U U] Ul 380 IE0 200 1200
12.Aug-91 |[USBR, 0.0] 57 4 4yl 30U 0.8 SUl s u) 4520 4550 0l UF 30Ul 3oUl 1290 1240 780 165
14-Jul-922]USBR 8] 5.7 0.1 0.3 59 1415 0.4 [ 2 3107 3160 0.3 f 7 493 732 31 7%
15-Sep-92 |USBR 3] &3 10U 10U 10U 3 U 50Ul 20Ul 25 U g0 10300 0.03 U 3Ul 74 1 800 1800 $10 280
1-Jun95{FTVESA 50] 54 563 427 F 1008 3 3Ul v ou y U] 1500 1680 05U 904 [116 62 634 343 361
Statistiesl Colcylutions « Undetects set to 2er0
Mean 1 30 75 hrk] .02 | 6.36 jlad X .5 3.0 3.3 1536 4723 0.0i7 0.3 2.5 1656 iiis 2006 2137
Standard Deviation | 45 95 35 004 | 134 1 4.5 4.3 3.7 J 111 2183 372 | 0.064 2.2 33 763 656 1052 1076
D = Dizaolved CaC03 = Calcium Carbonate Cd = Cedmium Hg = Mercury Zn=Zint
T =~ Total recoveruble Ag = Silver Cu = Copper Pb=Lead F = Field
U = Non detected; value represents detection limit As * Arsenic Fe=Tron Mn = Manganess L=Lab

Fite: STT19SU2.XL5; Sheel: wa-preseniation, Update: 11/1/95



Silver Swan Mine Area
VCUP Application
Revision; 0
November 6, 1995

Table 2-8

Silver Swan Surface Water Field Analysis

Location Silver Swan - A Silver Swan - B Silver Swan - C
Sample Date June 1, 1995 June 1, 1995 June 1, 1995 ]
Discharge (gpm) 50 30
Temperature (C) 8 12 16
pH 54 6.0 58
Conductivity (mS/cm) 0.40 0.94 0.77
Eh (mv) 370 333 379
Iron (IT) (mg/l) 1.6 0.4 0.0
Iron (total dissolved) 1.8 0.5 0.0
(mg/)
Dissolved Oxygen (mg/l} 0.2 6.0 3.7
Alkalinity (as CaCQ,) 427 453 NM
(mg/l)

Table 2-9 gives the concentrations of laboratory pH, sulfate, total-recoverable, dissolved,
and suspended (by difference) metals in water from the same three locations. Most of the metals
were initially in dissolved form as the water exited the adit. Within 63 feet of the adit in the
backwater, 77 percent of the iron had oxidized and flocculated to suspended iron hydroxide due
to exposure to atmospheric oxygen. Similar to iron, 93 percent of the lead precipitated or
adsorbed onto the iron hydroxide and became suspended. In contrast, none of the cadmium or
copper, only 11 percent of the manganese, and 14 percent of the zinc converted to suspended
metal in that distance. The seepage from the wasterock pile contained one to two orders of
magnitude higher concentrations of dissolved cadmium, copper, lead, and zinc than the adit
drainage. Most (92 percent) of the iron was in suspended matter. Most of the other metals
were dissolved. These results indicate that minimizing seepage through the wasterock pile
should significantly improve the water quality of drainage from this site.
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Silver Swan Mine Area

” VCUP Application
L | Revision: 0
November 6, 1995

Table 2-9

pH, Sulfate, and Metal Concentration in Silver Swan Adit Drainage
and Associated Wetlands and Seep
(in ug/l, except sulfate /1 and pH in s.u.) for Spring 1995

Total
Recoverable

Dissolved

Suspended
%
Suspended *

Wetland 63 Total
ft Recoverable
Downstream

Dissolved

.' Suspended

%
Suspended

Total
Recoverable

Dissolved

Suspended

%
Suspended

* % Suspended = Suspended metal as % of total-recoverable metal

The June 1995 water sample in the wetland was collected on the edge of the wetland, in
a backwater rather than in the main stream. In October 1995, a water sample was collected
about the same distance from the Silver Swan adit, but in the main stream. Field measurements
indicated that most of the iron was still in the reduced, Fe*? form. These results suggest that
water in the main stream does not have sufficient residence time to allow atmospheric oxygen
to oxidize the reduced iron from the adit drainage. This finding has important implications for
the design of a settling pond to allow the iron to oxidize and settle out.
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Silver Swan Mine Arca
VCUP Application
Revision: 0
November 6, 1595

Comparison of the results of the June 1995 sampling event with historic flow and water
quality data (Table 2-10) and flow for the Silver Swan adit indicates that the flow in June 1995
was about average (50 gpm). The total iron concentration in June 1995 was about one-third its
average value (1.68 vs. 4.72 mg/l). The total zinc concentration was about one-sixth of its
average value (0.36 vs. 2.14 mg/l). Total manganese was about one-half of its average value
(0.63 vs. 1.12 mg/l).

Table 2-10

Historic Water Quality-Silver Swan Adit Drainage

pH 5.4 7.5 22
sulfate 272 100 520 24
total Fe 4.72 0.21 10.3 24
total Mn 1.12 0.38 2.05 10
total Zn 2.14 0.079 4.2 24

2.6.3 Dolores River Water Quality
2.6.3.1 Historic Water Quality Data Sources

Historical water quality data for the periods 1980-1984 and 1989-1994 from several
sources (Table 2-6) was reviewed and evaluated for this application. Historical sampling
locations and sample station designations are identified on Figure 2-6. The entire historical
Dolores River water quality database associated with the Silver Swan application is presented
in the report entitled, "Summary of surface water and groundwater data for Rico, Colorado”
(PTI1, 1995). A summary of the historical Dolores River surface water quality data for sampling
stations on the Dolores River above Rico (sampling stations DR11T and D-05), below the
confluence with Silver Creek (sampling stations D-06, DR49T, and SW-08), and below the
Silver Swan is provided on Tables 2-11, 2-12, and 2-13, respectively.
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TABLE 2-11
Dolores River Above Rlco
Water Quality Data Summary
{Sampling Stations DR11T and D-05)
Hardnesa|  Allalinity
Dute Sampled] Consultant{ Flow| pHI| Temp DO (a3 C3CO3)| (a2 CaCO3} AgD 1 Ag-T | AsT | Cd-D | C4.T | Cu-D | Cuo-T | Fe-D | Fe-T | Hg.T | Pb-D | Pb-T | Mn.-D | Mn.-T | Zn-D In-T'
() Gltcenty | (gD (mg/D ™ (g | g/ | (g | gl | Cog) | Cog) | (o | o) { o) | ConD | (/) | o) | (g | (o) | o) [ o)

31-Oct-B0|Gibbs L Hill | 20| 7.5 wul_ 1o WU 19U B0 100 ¢3 Ul soUl soU|l sio 150 160
19-Nov-80| Gibbs & Hill 18] 1.9 0.0133 U 1oul 1wuU 10Ul S0 170 03U SoU)l soU 4s0 100 270
16-Dec-30|Gibbs & Hill 13] 67 0.01 10Ul 10U 10U 10U 50U tso 034 s0Ul soU| 470 180 210
20.Jan-81|Gibba & Hill 18] 10 0.008 37 WU eyl wul 1wu 6 330 ¢IVU] SeUl sou) 410 11¢ 110
26-Feb-81 | Gibts & Hill 1871 0.011 33 20 10Ul oW 1wouU 10Ul s 340 03U SoUl 50U 500 110 110
24-Mar-§1[Gibbs & Hill 18] 7.1 44| 06009 323 73.1 1 1 7 7 50 Uj 500 0.05 U 1 U 1 Ul 480 30 100
22-Apr-31|Gibbs L Hill | 1] 7.2 0.0095 11 420 03 0.5 1Y i U] 50Ul 800 0.05 U 1 v Fi'l 20 70
13-May-Bt|Gibbs & Hiti | 95| T.1 0.0107 Yol LAY 9.2 02 1V 1U[ S0 Uy 250 0.25 1y [ T 30 )
3-Jun-81}Gibbs & Hill | 381] 7.1 0.0103 43 LARY 0.1 U] 61 Y 1Y 2 50 Ul 960 0.05 U 1 U] 1u 20 10 10
24-Jun-31[Gibbs 2 Hill | 78] 72 0.0094. 90 21 0.1 U] 9.1 3 | soul so 0.05 U 1Y 1u 50 40 110
$4-Jul-31|Gibby & Holl | 149] 7.5 0.0088 78 01U 1.3 1.7 L 1 50 Ul tsig 0.05 U 1l 1y 30 0 50
12-Aug-8) |Gibbs & Hill | 66| 7.4 0.0083 121 10 0.2 3.8 3.7 Ul 1ul sou| 30 | 005Ul 1 1 80 20| 350
10-Sep-81 Gibbs & Hill | 56 7.6 f.009 164 0.1 U 0.1 0.5 4] P S0 U ss0 4.05 U 1Y tu 130 40 ]
5-Oxct-81]Gibbs & Hill &) 74 0.0092 135 01U 0.1 1.5 15 15 7015500 208 0 10 10U 200 40 150
13-Apr-82|SRK 10 74 0.009 152 108 F| 0.05 U] 0.05 U 14 23 2] 22 310 [2980 001 U [ 9 150 270 160 160
17-hun-82{SRK | 70 0.0127 55 445 F| 005 U) 0.05 U, 12 22 26 30 il 590 0.34 iy 3 40 1) 30 150
13-0ct-§2) SRK 62| 7.0 0.0138 169 98 F| 005 U 0.05 U 1 12 1U 11Ul 2 160 0.0 U [ILY . 150 250 150 160
25-Jan-83|SRK 14| 71 o 260 145 L1 005 U} 005 U 1.3 0.9 2 2 bl 300 0.01 U 1J 11U a2 420 120 200
23-Feb-33|SRK pit] A 0.0106 0.1 Ul 0.1 Y 0.8 1 10 h] 0.05 U 1U 10U 160 160
1 7-ar-83 [ SRK 7] 70 0.0097| 0.1 U 01U 1.2 0.6 1v 11U 0y 10 0.05 U 1o 2 300 310 130 150
26-Apr-83|SRK 115] 6.7 0.0102 0.t Ul 0.1 U 0.6 08 1U 1u 005 U 14Ul 3 30 w
21-Mey-83| SRK m| 73 0.0123 oJul 0t U ] 1.2 g [} 005U 14 4 100 7
12-Jun-83]SRK 7.0 0.0106 ' 01Ul 01U 1.2 1.2 ] s 210 680 0.03 U 2 4 o0y 10 Ul 110 240
26-Jul-83|SRK 1.1 0.0093 o0 Ul 0.1y EN ] 1.2 4 [ 0.08 U 2 4 140 110
30-Aug-83| SRK 78] 74 0.0093 o1ul oau 1.9 0.3 3 7 005 U 1u 7 £50 190
22-Sep-83{SRK a2 1) 01Ul 01U 0.6 0.6 9 9 50 U 170 008 U 1y 1 Ul 300 300 15¢ 190
19-0¢t-83 | SRK a1y 01U 1 1 3 3 0.05 U 1U 1u 130 120
16-Nov-8315RX 3| 12 01 U] 01U 1.7 1.4 4 3 50U 120 Q.05 U iy 1Ul 410 420 160 160
14-Dec-§3{SRK iU 0ly 03 05 g 21 160 250 0.0 U 1y 10U 380 3N 160 170
19.Jan-84 1 SRK 01Ul 01U 0.3 0.5 2 10 0.05 U, 1 3 120 110
27-Mar-841SRE g1y o1y 42 2.1 13 1V sH Ul 180 0.05 U v 11U 140 170 Ul 30
1-Jun-84|SRK PARYEEARY il 0.8 11 2 120 §60 005U LU 4 &« 30 20 40
12-Sep-84) SRK 01U 01U 04 Ul 07 1Y 2 50 200 003 U 1U 19 140 150 20 50
$-Dec- 34| SRK 01Ul 01U R4 U] 04U 1U 1U] 70 170 005 U | 11Ul 16 10 20 30

1 7-Nov-39{LISBR. 7.6 1.5 20 U, 0.1 50U 160
10-May-90|USBR 68 456 | 546 30 U 3U 3U 5 U SU| 116 240 0lUl 300 30U 393 535 | 496 6.2

30-May-90|LISBR ol U

11-0u)-90|USBR 40 4v] wul 3yl 3yl sul su[9ss {2 ] Ul 3oul 439 | 474 [N3 426
1.5¢p-90USBR 4 Ul 4| 329 ERY) U 3 U 5U 3 Ul 746 01 Ul 30 U 39.7 114 113 537 | 293
H-May.91]USBR 6.5 4U 4Ul 0yl 02 03 5 U SU 10 419 01Ul 30Ul 30U 197 41 4 Ul 695
4Jun-91 |USBR 6.6 4 U 4U 30U o3 0.3 s U sUl 612 288 01Ul 30U 200 41) 502 §229 1239
16-Aug-91 |USBR. 6.4 4 U 400 U 34 .2 RS 3 U] 242 2i8 01U 30U 30U 130 133 89 | 236
L 23-ape92|USBR 72| 0.1 0.1 $ 03Ul o3uUf sul 13 [ 82 | 240 o220l 11Ul 1 soul g0 i0 30

File: SITI4SU2.XLS; Shest: wq-presenation, Updated: 11/1/95




TABLE 2-11 (CONTINUED)

Dolores River Above Rlco
‘Water Quallty Data Summary
(Sampling Ststions DR11T and D-05)

Hardness|  Alkslinlty

Date Ssmpled| Coniuliany] Flow| pH| Tem DO| (s CalCO3}| (1 CoCOY) | Ag-D | Ag-T | As.T | Cd-D | Cd-T | Cu-D | Cu-T | Fe-D | Fe.T | Hg-T | Pb-D | Pb.T | Mn-D | Mn-T | Zn-D | Zn-T

Lt (su)l{cem) | (mgA) {mg/t} (g} | (M | (up) | (ugy | (ugf) | (upAl) | Cup) | Cued) | Cup) | (up) | (ugh) | (vaft) | Cugl) | Cug) | (ua) | (ue) | (uefh)
0.) [

14-Jul .92 JUSBR 68| 6.3 0l Uy 03U 03U SUl 10 148 21% 02U o soU 7 17 26
Jd-Sep-22|USBR o 72 19U 1Y 10 53U SUl 23U 22U oy 1m0 0.03 U Y| 200 180 20 W04 &
3.5¢p-93|USBR 49| 53 1.8 22U063 U] 14U 14U 35Ul as 13 Jo07ayy 769 260 138 133 102 ] 26.6
Statlstien) Calculations - Lindetects set lo 2ero
[Mean | 74 4.4 0.0 164 98 038 13.1 4.5 1.6 1.1 37 41 67 $5) 100135 0.3 21 137 169 79 109
| Standard Devistion B4 0.0 90 4] 1.98 | 67.) 193 6.1 11 6.2 6.3 135 976 | 0.063 1.0 62 174 127 &l yi
D = Dissolved CaC03 = Caltiumn Cubonate Cd = Cadmium Hg = Mercury In= Zine
T = Tota! recoverable Ag = Sitver Cu = Copper Pb = Lesd F = Field
L} = Mot detected; velue represents detection limit As = Anenic Fe = Iron Mn = Manganese L =Lab

Note: The 51, Louis Ponds Water Treatment Plant began operating in April 1984,

File: SITY45U2 X1S; Sheel wq-presentation, Updated: 1171/9%



TABLE 2-11

Dolores River Below Sllver Creek
Water Quality Data Summary
(Ssmpling Siations D-06, DRAST, and SW-08)

Hardness]  Alkalinlty
Daie Sampled] Consultant [Flow| pH| Templ DO| (a1 CaCON| (s CaCOY | AgD AT | AvT | Cd-D | CdT ) CuD | Cu.T ) FeD Fe-T HeT | PbD | Pb.T | MoD | Mn.T| ZaD | Zn.T
(et)] Gulleent) | Gog/) (g (o) | (ugM | o | Cugy | fum) | (ugd) | (ug | fop | (ugh) | ()| [ (g | (g | Cug) | (g |
20-Nov-80|Gibts & Hitt] 21| 68 1] 122 403 ou 10U ouUl 1¢1) 50 U 240 03U| S0OU| 50U 61 420 430 |
16-Diec-301Gibbs £ Hill] 14] 6.9 euU] wul ey ouU U 30 03U | s0U ] S0l 450 600 600
20-Jan-8] |Gibbs & Hill] 17] 7.1 }23 w4y oy ou HU 20 03U | SoU | soU | 430 200 200
26-Feb-81|Gibbs & Hill] 9.0] 69 131 0.2 10U 10U 10U oy 60 300 03 U] sou 50 U {500 190 190
25.-Mas-81 [Gibbe & Hill] 18] 7. 5.5 % 353 01U u 2 1y 10 50 U 510 0,05 U 14 11Ul 319 50 170
22-Apr-3) |Gibbs & Hilll 100] 7.0, 114 %) U 0.3 . 3 1y 1 S0 U 220 .29 1V u 20 0 100
13-May-£1|Gibbe & Hilll 102] 7. 96.78 [ Ri] 0.7 3.3 1] 1 U 50U 200 0.25 1 o0 10 110
3.Jun-81 ) Gibbs & Hill) $46) 7. 47 0. 0. ), J | 27 S50 U 1070 0.35 U ) 20 w 30
24-Jun-8) |Gibbs K HiN| 921 74 25 2.3 .1 U 3.1 U J u 30U 30 0.05 U U 11U 50 10 70
14.Jul-B 1 |Gibbs & Hill} 17| 7.2 78 [ ) ¥ p S0 Ul 170 805 U U 1U 0 40 530
13-Ang-8) 1 Gibba & Hill) N} 3.3 0 10 ). . 3.6 U 1] So U 410 0.08 U ¥ 10| 20 ¢ 3]
10-Sep-81[Gibbs & Hill[ 57| £9 1] ).1 U .4 1.2 L/ 1] oy} S0 .23 U [T IED 1) 50
5-0ct-81 Gibba £ Hilll 90 7.3 EY) ¢y ).$ 1 U o) $30 2.05 1) i ] 120 80 120
13-Apr-B2ISRK 93] 6.5 ] HOF] 005U [F P 42 16 16 2170 640 001 U} 10 330 30 500 260
17 Jun. ﬂ [SRE 4691 15 54 “F] 005U]| 005U }2 43 19 20 U | S6d .03 Uy 1 30 [ 40 110
13.0ct-2213RE 70 7.4 180 MED 003U) 005U 2 2 1y u 80 160 00) U u 200 210 160 230
25-Jan-83{SRK 14] 10 2 151 L] 005 U] 005U 5 4 P 3 50 b1 201 U U U] 420 420 200 300
23-Fro-23|SRK 1 2 0.1 U 01U . .3 1U} 3 005y ! 1u 30 10
17-Mar-83|SRK 27l 1.0 .1 U 01U 3 05 2 2 70 180 005 U ! 2 90 290 190 190
26-Apr-83{SRK 150 70 [N 01 U K 3 11U} 10 003 U 1] 5 200 250
21-May-8315RK 13723 0 U [T .2 4 i) 7 | posy i 3 160 160
12-Jun-83| SRK 923l 72 [ 3N 0.1 U F ] 7 7 200 720 o408 U 3 e % 20 430
26-Jul-33 | SRK 63 13 [XHY] o) U 17 13 4 4 3,05 U b} 90 80
30-Aug-33 |SRK [11 X [N 0] U 1.7 6 [ 008 U u 5 140 230
22-Sep-831SRK a5 1 01U 01U 0.6 [ ] soul 210 005 U U 1U) 290 290 200 200
19.0e1-83 [ SRK 81 U [ .9 7 2 .05 U 11U 1 150 150
| &Nov-§3 |SRK 37 74 0l U 01U 19 . 6 k) 50U 250 005 U 1u VU | 3% 390 190 190
14-Dec-83|SRK u o1y Y] 0. 4 k) 80 290 005 U 1u LUl 3% 390 120 230
19-Jen-841SRK A U 01U 1.5 ). [ 1 0.05 U 1 3 200 190
27-Mar-84|SRK 01y ¢ u 2 2.8 43 ilJ U 330 005 U 1 U 1U] 150 170 160 150
i-Jun-84[SRK g1y 04 U 0.5 0.4 2 4 50 930 .05 U yu s ] it 30 (Y]
$2-Sep-B4|SRK g1y Al ['F 07 Ul 2 30 30 0.05 U t U JU | 120 140 50 50
id-Mov-84 | EPAFIT 6.7 54U SUjioy 5U Sy sU 3 40 199 0] U iU s$U 1 40 141 0 4
§.Dee-84|SRK nuy (AR Q4U!t adl) 1y 1U AT 005U 1V LUl 1560 170 4] ]
8-S¢p-93[USBR 43| 68 194 22 U 2200060 14U 140 |35U[35U 106 192 JoorU| 16U 76U 130 136|142 | 588
|Seatistical Calculntlons - Undeteeis pex Lo zero
Metn | [ 133] [ 88| 106 1 100 0.43 [Nl ] 19 11 53 40 106 2 0.03 0.5 1.7 226 230 155 210
Standard Devistion Lwsl [ o8 23 e[ . 44 | 209 0.41 [ X W T Y 407 549 1 oos b7 [ 33 180 [ 136 | 338 | 136
D = Dissolved CaC03 = Calcium Carbonatz Cd = Cedmium Hg = Mercury Zn= Zint
T = Tolal recoverzble Ag ™ Silver Cu = Copper Pb = Lead F = Field
U = Nol detected; value represents detection Jimit As = Arsenic Fe=lron Mn = Manganese L. =Llab

Note: The 51 Louis Ponds Water Treatment Plant hegan epersting in April 1534,
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TABLE 2-13

Dolores River Below Rico
Water Qualilty Data Summary
{Sampling Sutions DRIIT and D-10)

Hardnaosy Alkslinicy
Date Sumpled] Convultant Flowl pHI (mCaCOY) '__(;_u CaCOd} Ag-D Ap-T AT Cé-0 | CoT Cu-D Cu-T Fs-D FoT Hg-T Fo-D | PbT | MnD | MaT | ZnD | Za-T
1 Genll Gu) g o) | (g | o) | (upl) | ) | G G () | (e | o | Con) | cunl) | o | (ug® | (oalD | o) |
19001+ 80H Gibks & Hill a4 1.1 10 U oU 10 U 1y v o U Y] v U 80 200 100
18-Nov-A0[Gibbs & Hill 2t 13 U [T} wul 30 sou] s G3U| SOU| 30U { 480 200 | %0
13-Dec-80[Gibbs & Hill 18]~ 13 T o U 10 U y Ul 280 93U soU | SouU | 47 320 _| 329 |
19-Jan-31[Gibbs & Hill 28 73 314 0\ wu 10U o U 1 340 g30 | sou] sow] 40 20 Fa)
25-Feb-81| Gibbs & Hill 7] 1.3 302 1470 [V 14 U 10 U b U 30U P[] p3uU| sou o] 28 189 185
26-Mur-B1|Gibbe & Hill 12 1.4 [] 0.1 U 3 Iy 260 20U 14 LU | 53¢ o FL
22-Apr-81[Gibbe & Hill #5349 12 X [T3 1.3 1] 1y iy 730 T 1] 19 ] no 120 150
13-May-81 Gibbs & Rill 10? 7.3 102 01 U 05 &. 6 ] Y 200 048 u 1u 9 100 230
3-Jun.81|Gibbs & Hill 431 6.9 48 (AN 0.2 0.3 1y 12 | 1180 .03 U u 1 10 &0 60
24-Jun-8' | Gibbe & Hill 104 ] 95 L1 U 0.2 0.] 1u 1 % U o D5 U u 1u 30 & 0
L6-Jul-81 ] Gibbs & Hill 13 7.7 68 0.2 .1 U 15 135 S800 003 U 1u 1 U 0 i bl
11-Aug -] | Gribba & Hill L 1.4 19 10 g .6 6 ] 1o ou 60 .03 1 1\ 34 120 130 219
11:5ep-81 [ Gibbs & Hill s3] 33 [ (NI X 8§ ) 50y 30 0.03 U 1 ] o 140 | 140
$-Oc1-8L | Gibbe & Hill a3 7.1 49 [N 1 03 U \ U Yy $10 0.0 U 2 3 4% 10 16(
14-Aps-B2I SRR 133 1.1 136 107 F 43 U 45 1.9 23 ] 00N a0 Q01 U U 4 &0 250 6L %0
17 Jun-82 | SRK .1 54 4 F .03 U 3.05 U 1.4 4 ] 80 10 .06 u 2 I 50 L 160
14.0¢1-82 [SRK J0F 1.0 183 1 F .03 U 03 U 1 1] u 119 400 .01 U 3 ) 300 310 90 340
13.Mar-83 SRR FU] N [ ANT] £.1 U . ] [ U 182 205 U ! b 150 180 300
12-Jun-B3 ESRE 1, 1] 61 U : ; 5 1% 200 0.05 U 2 ] 7 50 160_| 49|
22.5¢p-83|SRX 1. ¥ 0.1 U . 1 1% 11 U 30 oos u u [T L] 40 0 %0 |
13:Deg-83 | SRK L] U 0.1 U 0.9 1o 170 A0 003 U ) 1 390 400 Fii 0
-Mer-B4{5RXK [ 0.1 U 2 .1 54 Y] Y] 180 0.0 U L iU e 490 i 180
§-Jun.B4 I SRE L1 U 0.1 U D.§ .5 1 3 ™ [31] 0.05 U ¥ 3 40 [TV ! J0
12.5ep-84 | SRK L1 U 0.1U ). 4 ¢ 3 40 30 0.05 U 1\ 11Uy 10 160 o 1ig
6-Dec-84 | 5RE 3 1Y) [Nt LT 0.6 1 u 80 300 0.05 U (1Y 1 uU 170 150 100 110
8.5ep. 93 |USBR £ 8% 23U 120 o83 UL JAU] 14U] A LH 56.3 231 0.21 T6U] T80 ] 164 160 14.6 126
Statirtten] Culewlations - Undelects set to Levo —_—
Mean ] oal_ 145 ] 0.t & B 3.1 0.9 52 3 37 6| 0.0i% 53 3.3 213 ) 119 164 ) 304
Standard Qeviston 99] 08| 36 2. 13 4.6 o9 11.6 8.0 33 1323 0.101 0.9 10.5 134 132 P4 103
D = Disscived CaiC0) » Caleium Carbonate Cd = Cadmiurm Hg = Mercury In = Zine
T = Total reroversble A= Silver Qu = Coppet o= Lond F=Feld
U = Noi detecied; value rep detecton lmit A3 = Araenic Fe = lron Mn = Menganese L = Lab

Nole: The 5L Louis Ponds Water Treatment Plant began opereting in Apri 1984,
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2.6.3.2 Dolores River Water Quality

The water quality of the Dolores River in the vicinity of the Silver Swan adit is affected
both by the quality of the Dolores River water flowing into Rico from upstream and by the
presence of point and non-point sources in the vicinity of Rico (e.g., Columbia tailings, Santa
Cruz adit). An evaluation of dissolved metals concentrations indicates that mean dissolved iron,
cadmium, silver, and zinc concentrations increase in the Dolores River in the vicinity of the
Silver Swan adit (Figures 2-7 through 2-11). '

As described above, analytical data for Silver Swan adit seepage indicates that the
seepage contains mean dissolved concentrations of iron, manganese, and zin¢ of 1936, 1699, and
2066 pg/L, respectively (Table 2-7). A comparison of the Dolores River water quality to
numeric standards is provided in Section 3.2.

The Dolores River, below the Silver Swan adit, has a mean alkalinity of 84 mg/L as
CaCO; (range of 42 to 107) and a pH range of 6.9 to 8.1. The high buffering capacity of the
Dolores river is a result of the widespread existence of carbonate minerals in the Rico mining
district. This important characteristic has prevented creation of a classic “acid mine drainage”
problems in surface water in the Rico district.

2.7  Sources of Information

CMB. October 16, 1926. Inspector’s report Silver Swan mine, Rico, Colorado. State of
Colorado, Bureau of Mines,

CMB. June 5, 1951. Inspector’s report, Silver Swan mine, Rico, Colorado. State of
Colorado, Bureau of Mines,

CMB. August 18, 1972. Information report, Silver Swan mine (exploration and assessment
work), Rico, Colorado. State of Colorado, Bureau of Mines.

Cedar Creck. September, 1995a. Ecological Characterization: Vegetation Communities/
Wildlife Habitats and Sensitive Species, Rico, Colorado. Prepared for Atlantic Richfield
Company, Denver, Colorado and ESA Consultants Inc., Fort Collins, Colorado. Cedar
Creek Associates, Inc., Fort Collins, Colorado.

Cedar Creek. September, 1995b. Revegetation Plan for Proposed Voluntary Remediation of
Mining-Related Disturbances in Rico, Colorado. Prepared for Atlantic Richfield
Company, Denver, Colorado and ESA Consultants Inc., Fort Collins, Colorado. Cedar
Creek Associates, Inc., Fort Collins, Colorado.
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Figure 2-7 lron concentrations (mean [ 4], maximum, and minimum) in the Dolores River (June 1984 - 1993).
[River miles are measured upstream from Montelores Bridge (mile 0)).
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Figure 2-8 Manganese concentrations (mean [ 4 ], maximum, and minimum) in the Dolores River (June 1984 - 1993).
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Figure 2-9  Zinc concentrations (mean [4 ], maximum, and minimum} in the Dolores River (June 1984 - 1993).
[River miles are measured upstream from Montelores Bridge (mile 0)).
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Figure 2-11 Silver concentrations (mean [4 ], maximum, and minimum) in the Dolores River (June 1984 - 1993).
[River miles are measured upstream from Montelores Bridge (mile 0)}.
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Cedar Creek. September 1995¢. Characterization of Soil/Solid Waste for Proposed Voluntary
Remediation of Mining-Related Disturbances in Rico, Colorado. Prepared for Atlantic .
Richfield Company, Denver, Colorado and ESA Consultants Inc., Fort Collins,
Colorado. Cedar Creek Associates, Inc., Fort Collins, Colorado.

D&M. January 1981a. Flood hazard areas, Anaconda mining sites, Dolores River and Silver
Creck, Rico, Colorado. Prepared for Anaconda Copper Company, Denver, Coloradn.
Dames & Moore, Golden, Colorado.

D&M. 198ib. Pond sludge and mine water quality/quantity studies. Anaconda Copper
Company, Rico, CO. Dames and Moore, Golden, Colorado.

E&E. July 29, 1985. Analytical results for Rico-Argentine Mine, Rico, Colorado. Prepared
for U.S. Environmental Protection Agency, Hazardous Site Control Division. Ecology
and Environmental, Inc., Denver, Colorado.

Gibbs & Hill, Inc. 1981. Anaconda Copper Company, Rico project, water quality study. Final
report, Volumes I and II. Prepared for Anaconda Copper Company by Gibbs & Hill,
Inc., Denver, CO. in File Box G25-456: ARCO Records Retention Center, Denver,
Colorado.

Kabata-Pendias and Pendias. 1984. Trace Elements in Soils and Plants. CRC Press, Boca
Raton.

Kirkham, Robert M. and William P. Rogers. 1981. REarthquake potential in Colorado, a
preliminary evaluation. Colorado Geological Survey Bulletin No. 43.

McKnight, Edwin T. 1974. Geology and Ore Deposits of the Rico District, Colorado. US
Geologic Survey Professional Paper 723. Government Printing Office, Washington,
D.C.

NRCS. 1995. Draft copies of soil map and map unit descriptions. U.S. Department of
Agriculture. Natural Resources Conservation Service, Durango, Colorado.

Pratt, Waiden P., Edwin T. McKnight and Rene’ A. DeHon. 1969. Geologic map of the Rico
quadrangle, Dolores and Montezuma counties, Colorado. GQ-797. U.S. Geological
Survey.

PSI and SA. November 1995. Rico mine district wetland evaluation, Santa Cruz mine area,
Silver Swan mine area, Argentine tailings site. Report prepared for Atlantic Richfield
Company, Denver, Colorado and ESA Consultants Inc., Fort Collins, Colorado. Pintail
Systems, Inc., Aurora, Colorado and Schafer and Associates Denver, LLC., Lakewood,
Colorado. November.
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PTI. 1995. Summary of surface water and groundwater data for Rico, Colorado. Prepared for
Atlantic Richfield Company, Denver, Colorado. PTI Environmental Services, Boulder,
Colorado.

PTI and ESA. May 1995. Field guidance document: Rico mine district, Dolores County,
Colorado. Prepared for Atlantic Richfield Company, Denver, Colorado. PTI
Environmental Services, Boulder, Colorado and ESA Consultants Inc., Fort Collins,
Colorado.

SRK. 1983. Summary of water quality sampling and modeling, Rico project, 1982-1933.
Prepared for Anaconda Minerals Company by Steffen Robertson and Kirsten (Colorado)
Inc., Lakewood, CO. in File Box G25-613: ARCO Records Retention Center, Denver,
Colorado.

SRK. 1984. Summary of water quality sampling and modeling Dolores River, 1980-1983.
Prepared for Anaconda Minerals Company by Steffen Robertson and Kirsten (Colorado)
Inc., Lakewood, CO, in association with Chadwick & Associates, Littleton, CO. in File
Box (G25-455: ARCO Records Retention Center, Denver, Colorado.

USBR. (1995). Dolores River Basin water quality study. U.S. Bureau of Reclamation,
Durango, Colorado.

U.S. Geological Survey. 1925. Contour and Geological Map of the Rico District.
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3.0 APPLICABLE STANDARDS/RISK DETERMINATION

"The applicant should provide a description of applicable promulgated state standards
establishing acceptable concentrations of constituents (present at the site) in soils, surface
water, or ground water.”

"The applicant should provide a description of the human and environmental exposure
to contamination at the site based on the property’s current use and any future use

proposed by the property owner. "
3.1  Applicable Standards
3.1.1 Surface Water

The Silver Swan adit discharge and seepage from the Silver Swan wasterock flow into
the Dolores River. Therefore, the current State of Colorado water quality standards for Dolores
River Basin stream segments 2 and 3 are applicable to the Dolores River in the vicinity of Rico
(CDH, 1995). The Site is located in segment 3. Segments 2 and 3 are described as:

No. 2 “Mainstream of the Dolores River from the source to a point immediately above
the confluence with Horse Creek” (Figure 3-1).

No. 3 "Mainstream of the Dolores River from a point immediately above the confluence
with Horse Creek to a point immediately above the confluence with Bear Creek”
(Figure 3-1).

Segment 2 use classifications are defined as follows:
"Cold Water Aquatic Life - Class 1" - primary aquatic habitat.

"Recreation - Class 2" - stream segment where primary contact recreation does not exist
and cannot be reasonably expected to exist.

"Water Supply” - stream segment where water quality is adequate for water supply and
use exists or can be reasonably expected to exist.

"Agriculture” - suitable for agricultural use, although such use does not exist.
Segment 3 use classifications are defined as follows:

"Cold Water Aquatic Life - Class 1" - primary aquatic habitat.

\CLEANUP.FNL\SLVSWN\SECTION3 3-1
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"Recreation - Class 2" - stream segment where primary contact recreation does not exist
and cannot be reasonably expected to exist. :

" Agriculture” - suitable for agricultural use, although such use does not exist.

The calculated table value standards (TVSs) and fixed standards for constiuents in
segments 2 and 3 are listed in Table 3-1. The calculated values are based on an average mean
hardness value of 170 mg/1 provided by CDH (Anderson, 1995).

3.1.2 Mine Waste

There are no promulgated State Standards establishing acceptable concentrations of
constituents in soils or mine waste.

3.2 Comparison of Dolores River Water Quality to Stream Standards
3.2.1 Approach to Use of Historic Data

As described in Section 2.6, aggregate water quality data for the Dolores River are
available for the periods 1980-1984 and 1989-1993. Historic water quality sampling stations on
the Dolores River are identified in Figure 3-1. The sampling station designation of "DR" has
been assigned to aggregate historic sampling stations given different station designations by
different sampling groups. River miles are measured upstream from the Montelores Bridge
(mile 0) where USGS gauge station No. 0916500 is located. Segment 3 aggregate sampling
stations include DR-1 through DR-8. Segment 2 aggregate sampling stations include DR-9 and
DR-10.

Anaconda Minerals Company conducted remedial activities in 1984 for the St. Louis
tunnel (adit) discharge north of the townsite (Figure 3-1). Remedial activities included the
installation of a lime treatment plant at the St. Louis tunnel to improve discharge water quality.
Because of these activities, only the historic water quality data for the Dolores River subsequent
to remedial activities (1984 and thereafter) were used for comparison agaiast the current state
standards for segment 3 to account for any changes in river water resulting from treatment
operations.

The use of historic data for comparison against acute and chronic standards is dependent
on the type of sample collected. Samples composited over a thirty-day period are appropriate
for comparison against chronic standards, while grab samples are appropriate for comparison
against acute standards. Historic sampling events on the Dolores River were all based on grab
samples. However, the CDH Water Quality Committee has indicated that the aggregate of grab
samples should be used for comparison with chronic standards (Anderson, 19953).
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Current Water Quality Standards*
All metals dissolved, unless otherwise noted

Analyte

Standard (ug/l)

Equation or source

Dolores River (Segments 3): Hardness = 170 mg/l®

Arsenic (total recoverable), chronic & acute

Cadmium, acute
Cadmium, chronic
Chromium III (total recoverable), chronic®
Chromium VI, acute
Chromium VI, chronic
Copper, acute

Copper, chronic

Iron, dissolved

Iron, total

Lead, acute

Lead, chronic
Manganese, chronic?
Mercury (total), chronic?
Nickel, acute

Nickel, chronic
Selenium, acute
Selenium, chronic
Silver, acute

Silver, chronic

Zinc, chronic

Zinc, chronic

100

18.0
1.712
100
16
11
2%.2
18.6
300
1,000
226
8.25
1,000
0.01
1,385
143
135
17
5.07
0.797
183
166

Agriculturally-based standard

EXP {Ln(bardness) x 1.128 - 2.905}
EXP {Ln(hardness) x 0.7852 - 3.49}
Fixed in stream classification table
Fixed in TVS

Fixed in TVS

EXP {Ln(bardness) x 0.9422 - 1.4634}
EXP {La(bardness) x 0.8545 - 1.465)
Agriculturally-based standard
Agriculturally-based standard

EXP {La(harduess) x 1.6148 - 2.8736}
EXP {Lu(hardness) x 1.417 - 5.167}
Fixed in stream classification table
Fixed in stream classification table
EXP {Ln(hardness) x 0.76 + 3.33}
EXP {La(bardness) x 0.76 + 1.06}
Fixed in TVS

Fixed in TVS

EXP {Ln(hardness) x 1.72 - 7.21}
EXP {Ln(bardness) x 1.72 - 9.06}
EXP {Ln(hardness) x 0.8473 + 0.8604}
EXP {Ln(hardness) x 0.8473 + 0.7614}

All equations and standards are from the "Classifications and pumeric standards for San Juan River and

Dolores River Basins, 3.4.0, effective May 30, 1995, Colorado Department of Health, Water Quality

Control Commission.

standards.

Notes:

EXP = e raised to the indicated power

Ln = Natural logarithm

TVS = Table Value Standards(Anderson, 1995).
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The Colorado Water Quality Control Commission has recommended that the 85th
percentile of aggregate concentration data be used to compare such data against the standard.
If the 85th percentile value is less than the standard, the Commission acknowledges that water
quality standards have not been exceeded. Therefore, this value has been used to compare the
historic data for each measured parameter with the current chronic standard for that parameter
over the entire stream segment to determine compliance of Dolores River water quality relative
to the standards. Additionally, to evaluate changes in water quality within the stream segment,
the mean concentration for each compound was determined at each historic sampling location.

As stated in the CDH surface water regulations, "Both acute and chronic numbers
adapted as stream standards are levels not to be exceeded more than once every three years on
the average.” The historic database used to evaluate the Dolores River comprise 9 years (1984-
1993), thus these are three (3) allowable acute value exceedences. The number of detected
values that exceed the acute standard was determined for segments 2 and 3.

All non-detects were set equal to zero. This approach is consistent with the data
interpretation method used to develop the stream segment standards (CDH, 1995) and with the
verbal guidance provided by CDH (Anderson, 1995, pers. comm.).

Background concentrations of site metals in surface water were evaluated with respect
to both observed water quality and state standards. The Colorado Water Quality Control
Commission states that on many stream segments, "elevated levels of metals are present due to
natural or unknown causes (CDH 1995a)." For the purpose of determining background water
quality in the Dolores River above Rico, metals concentrations were calculated from segment
2 (above the confluence with Horse Creek) sampling station data (D-01/DR0O7 and DR-10;
Figure 3-1).

3.2.2 Results

Table 3-2 summarizes available water quality data for segments 2 and 3 of the Dolores
River by constituent, sampling station and stream segment.

3.2.21 Background Segment 2

Except for silver, the historic data for segment 2 indicate metals concentrations below
stream standards (Table 3-2). Both calculated average (0.9 ug/l) and 85th percentile (3 ug/l)
concentrations of silver exceed the chronic standard (0.8 ug/l). There has been one measured
exceedance of the acute standard for silver. Figures 3-2 through 3-4 illustrate the range and
average concentartions for zinc, cadmivm and silver, respectively for both segment 2 and
segment 3 sampling stations.
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TABLE 3-2. DOLORES RIVER SURFACE WATER QUALITY JUNE 1984-93

All units pg/l
.' Number of
River Number of Arithmetic 85th Exceedances of
PTI Station No.  Other identifiers mile samples Mean' Percantile®  Acute Standard
ARSENIC {total): Developed state standard {chronic & acute} = 100 |.lgfl."
DR-1 D-11 0.0 1) NA
DR-2 DROGT 2.4 11 4.06
DR-3 D-10/ORB1T 3.5 1 0
DR-4 D-06/DRA9T/SW-8 4.5 2 0
DR-& D-0S5/DRIMT 4.8 11 408
DR-6 SW-7 5.5 1 0
DR-7 D-03/5W-6 5.6 1 0
DR-8 D-02/SW-5 5.9 1 0
DR-9 D-01/DRO3T 6.8 11 2.65
DR-10 DRSOT 7.5 1 0
Segment 3 00-5.9 28 3.20 12.6 o
Segment 2 > 5.9 12 2.33 8.00 Q
CADMIUM: Table value standard {chronic] = 1.72 pg/L
Table value standard (acute} = 18.0 pg/L
DR-1 D-11 0.0 3 0.37
DR-2 DROST 2.4 12 0.43
DR-3 D-10/ORB1T 35 4 .50
DR-4 D-06/DR49T/SW-8 4.5 5 0.26
DR-5 D-05/DR11T 4.8 14 0.25
“ DR-6 SW-7 5.5 1 0
DR-7 D-03/SW-6 5.6 3 .30
DR-8 D-02/5W-5 59 2 0
DR-9 D-01/DRO3T 6.8 10 012
DR-10 DRSOT 7.5 1 o
Segment 3 0.0-59 44 0.32 0.85 0
Segment 2 > 5.9 11 0.11 0.42 0
COPPER: Table value standard {chronic) = 18.6 pgil.
Table value standard {acute} = 29.2 pgil
DR-1 D-11 0.0 3 8.67
DR-2 DRO6T 2.4 12 1.17
DR-3 D-10/ORS1T 35 4 6.08
DR-4 D-06/DR49T/SW-8 4.5 5 6.4
DR-5 D-05/DR11T 4.8 13 0.85
DR-6 SW.-7 5.5 1 Q
DR-7 D-03/5W-6 5.6 3 1.33
DR-8 D-02/SW-5 5.9 2 0
DR-3 D-01/DRO3T 6.8 10 0
DR-10 DRSOT 7.5 1 0
Segment 3 0.0-6.9 43 2.59 .37 1
Segment 2 > 5.9 11 0.0 0.0 0
{RON: State developed standard {chronic) = 300 pgilL
' DR-1 D-11 0.0 3 40
DR-2 DROET 2.4 11 49
CR-3 D-10/DRS1T 3.5 4 67
. DR-4 D-06/DR49TISW-8 4.5 5 49
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TABLE 3-2. (cont.}

All units pg/L
‘. Number of
River Number of Arithmetic 85th Exceedances of
PTI Station No.  Other identifiers mile samples Mean® Percentile®  Acute Standard
IRON {cont.)
DR-§ D-05/DR11T 4.8 14 63
DR-6 SW-7 5.5 1 24
DR-7 D-03/5W-6 5.6 4 121
DR-8 D-02/SW-5 5.9 2 23
DR-9 D-G1/DRO3T 6.8 1 69
DR-10 DR50OT 7.5 1 41
Segment 3 0.0-5.9 44 59 114 NA ¢
Segment 2 > 5.9 12 66 174 NA ©
LEAD: Table value standard [chronic) = 8.25 pg/L
Table value standard (acute) = 226 pgil
DR-1 D-11 0.0 3 ¢
DR-2 DROST 2.4 10 0.4
DR-3 D-10/DRS1T 35 4 0
DR-4 D-06/DR49T/SW-8 4.5 5 0
DR-S 0-05/DR11T 4.8 13 0
DR-6 Sw-7 5.5 1 4]
DR-7 D-03/5W-6 5.6 3 )
DR-8 D-02/SW-5 5.9 2 0
DR-9 D-01/DRO3T 6.8 10 3.3
. DR-10 DRSOT 7.5 1 0
Segment 3 0.0-59 41 0.098 0.76 0
Segment 2 - >89 1 3.01 13.4 0
MANGANESE: State developed standard (chronic} = 1,000 pgiL
DR-1 D-11 0.0 3 87
DR-2 DROST 2.4 10 82
DR-3 D-10/DRSI1T 3.5 4 126
DR-4 D-06/DR49T/SW-8 4.5 5 120
DR-& D-0S/OR11T 4.8 13 81
DR-6 SwW-7 5.5 1 134
DR-7 D-03/SW-6 5.6 3 126
DR-8 D-02/5W-5 5.9 2 15
DR-9 D-01/DRO3T 6.8 10 4.6
DR-10 DR5QOT 7.5 1 . 2.1
Segment 2 0.0-5.9 41 92.2 157 NA ¢
Segment 2 >5.9 11 4.33 11.1 NA €
MERCURY {totall: State developed standard (chronic] = 0.01 pail
DR-1 D-11 0.0 3 Q
DR-2 DROST 2.4 3° o}
DR-3 D-10/DRS1T 3.5 3° 0
DR-4 D-06/DR49T/SW-8 45 4 0
DR-5 D-05/DR11T 4.8 7° 0
DR-6 SW-7 5.5 1 0
" DR-7 D-03/SW-6 5.6 3 0
DR-8 D-02/3W-5 5.9 2 0
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TABLE 3-2. {cont.}

All units pgiL
Number of
River Number of Arithmeltic 85th Exceedances of

PT! Station No.  Other identiliers mile samples Mean® Percentile’  Acute Standard
MERCURY (cont.}

DR-3 0-0VDRO3T 6.8 3’ 0

DR-10 DRSOT 7.5 0° NA

Segment 3 0.0-5.9 26 ° 0 0.0 NA €

Segment 2 > 5.9 3¢ 0 0.0 NA ¢
SILVER: Table value standard (chronic) = 0.797 pgiL

Table value standard {(acutel = 5.07 pg/L

DR-1 D-11 0.0 3 0

DR-2 DROGT 2.4 11 0.61

DR-3 D-10/DRS1T 3.5 4 4]

DR-4 D-06/DR49T/SW-8 4.5 5 0

DR-5 D-O%/DR1TT 4.8 13 0.56

DR-6 SW.7 5.5 1 1)

DR-7 D-03/SW-6 5.6 4 ¢

DR-8 D-02/SW-5 5.9 2 0

DR-9 D-01/DRO3T 6.8 9 0.72

DR-10 DR50OT 7.5 1 2.60

Segment 3 0.0-5.9 43 0.30 1.47 1

Segment 2 > 59 10 0.91 3.08 1
ZINC: Table value standard {chronic) = 166 pg/L

Table value standard (scute} = 183 pgil

DR-1 D-11 0.0 3 63.3

DR-2 DRO6T 2.4 12 82.0

DR-3 D-10/OR51T 3.6 4 61.2

OR-4 D-06/DR49T/SW-B 4.5 s 52.8

DR-5 D-O5/DR11T 4.8 14 285

DR-6 sSwW-7 5.6 1 47.0

DR-7 D-03/SW-6 5.6 3 16.7

DR-B D-02/SW-5 59 2 185

DR-9 D-01/DRO3T 6.8 10 10.4

DR-10 DRSOT 7.5 1 5.80

Segment 3 0.0-5.9 44 50.4 111 2

Segment 2 >549 1 10.0 24.2 O

* Non-detect results were set to zero when calculating the mean and 85th percentile,
® Standard is total recoverable metais, but only total metals data were available.

¢ Only chronic standard was developed based on historical data.
¢ Excluding 1989-91 and 1993 data Irom Bureau of Reclamation report due to problems with data quality.

NA = Not applicable

Notes:

Al metals reported as dissolved unless otherwise noted.
Hardness value of 170 ma/L was obtained from Colorado Department of Health Water Quality

Control Commission.
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3.2.2.2 Segment 3

Except for silver, the historic data for segment 3 in the Rico area indicate metals
concentrations below stream standards. The average concentration of silver (0.3 ug/]) is below
the chronic stream standard (0.8 vg/l). The calculated 85th percentile concentration of silver
(1.47 ug/l) is above the chronic stream standard. Background concentrations of silver
contributed by segment 2 accounts for the exeedance. The historic data also indicate one (1)
measured exceedance each of the acute standards for copper and silver, and two exceedances of
the acute standard for zinc.

3.2.3 Conclusions
The historical water quality data for segments 2 and 3 indicate the following:

* Except for silver, concentrations of heavy metals in the Dolores River in the Rico area
are below their respective stream standards.

L Concentrations of silver in segment 2 are above the chronic stream standard and account
for concentrations above the standard in the Dolores River in segment 3.

L In general, heavy metals loading to the Dolores River increases due to various point ard
non-point sources as the river passes through the Rico area.

L Point and non-point sources contributing to heavy metals loading in the river include: 1)
mined and unmined mineralized areas in the district; 2) drainage from underground
workings, such as the St. Louis tunnel, Silver Swan, Santa Cruz, and Rico Boy adits; 3)
any seepage from or direct contact with mine waste or mill tailings; and 4) metals-
bearing tributaries, such as Silver Creek.

3.3 Risk Considerations for Mine Waste

Mine waste material was previously assayed by Anaconda Minerals Company to
determine the economic recoverability of lead, zinc, copper, gold, and silver. (See Section
2.6.1.) No data are available for other potential elements of concern (e.g., arsenic, cadmium,
and manganese). However, these elements are closely associated with lead in ores from the
Rico mining district. They are also found in mine wasterock associated with ore deposits.
Therefore, lead levels in such wasterock materials would essentially drive any health risk
assessment and final remedial action for ali elements of concern.
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The key consideration in assessing risk associated with mine wastes at the Site is the
extent of human or environmental exposure, Given the non-residential land use plan and lack
of opportunity for direct contact, human exposure pathways are considered negligible. In
addition, to ensure protectiveness of human health and to protect against environmental releases,
the proposed reclamation plan for the site includes a combination of the drainage/erosion control
measures, waste consolidation, regrading of slopes and embankments, limestone amendments,
soil cover, and revegetation. These measures will effectively climinate any direct human
exposure and control potential environmental risks.

3.4 References

Anderson, D. 1995. Personal communication (telephone conversation on July 24, 1995, with
Jeff Writer, PTI Environmental Services, Boulder, CO). Colorado Department of
Health, Denver, CO.

CDH. 1995, C(lassification and numeric standards for San Juan and Dolores River basins.
3.4.0 (CCR 1002-8), adopted effective May 30, 1995. Colorado Department of Healih.
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4.0 VOLUNTARY CLEANUP PLAN

"The voluntary cleanup plan must address known or potential releases of contaminants
considering the human health and environmental risks of those contaminants in both the
present and future land use scenarios. The plan must demonstrate that either all
applicable state standards will be met, or for contaminants where no standard exists, that
the risk level has been reduced to an acceptable level (excess cancer risk of 10°, or
hazard index <1).

The remediation alternative selected should be described in sufficient detail to allow the
Department to evaluate whether or not the applicant will be capable of remediating all
contamination identified at the subject property within the specified 24 month time limit
set down in 25-16-306(4)(a). "

Introduction

The primary objectives of this Voluntary Cleanup Plan (VCUP) for the Silver Swan mine

site ("Site") are to:

. Effectively minimize the potential for direct human health exposure to the
wasterock at the site;

. Consolidate and stabilize the wasterock piles in-place from erosion and slope
instability due to runon/runoff, ﬂoods and earthquakes, thereby preventing off-site
dispersal of wastes;

. Implement source controls to reduce the generation of dissolved metals from the
wasterock piles; and

. Intercept and treat adit discharges to reduce current metals loadings to the
Dolores River to the degree practicable.

These objectives address the known or potential releases of contaminants at the site, as described

and discussed in the environmental assessment (Section 2.0) and the applicable standards/risk
determination (Section 3.0).

The design bases and remediation techniques utilized in developing the proposed plan are

described in Section 4.2. The design bases include specific regulatory requirements, best
management practices (BMPs), applicable precedent from other sites, and standard engineering
practice. The remediation techniques encompass hydrologic controls, reclamation cover, slope
stabilization, passive wetlands treatment, and institutional controls.
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The proposed conceptual remedial design for the Silver Swan site is described in detail
in Section 4.3. As noted above, the plan includes stabilizatior and source control of the wastes
on-site. Specific wasterock remediation measures to be implemented involve:

Flattening of slopes on the wasterock pile susceptible to ercsional instability;
Consolidation of the wasterock pile;

Grading to route offsite surface water (rainfall and snowmelf) around the wastes
(runon control), and grading to shed incident rainfall and snowmelt from the
wastes in a non-erosive manner (both of which contribute to limiting infiltration
of water into the wastes);

Compaction and revegetating of the surface and slopes of the wasterock piles; and

Providing erosion protection (using riprap, gabions or equivalent means) against
flooding in the Dolores River adjacent to the site.

The existing adit discharges will be intercepted in an excavated trench and treated in an
enhanced wetlands system. This passive treatment system provides for aerobic precipitation and
settling prior to discharge to the Dolores River.

Other aspects of the VCUP are described in Sections 4.4 through 4.9. These are
summarized briefly as follows:

Short- and long-term risks associated with the implementation (construction) and
operation of the VCUP are relatively low and fully manageable; all of the
proposed remediation measures are technically feasible;

Operations and maintenance (QO&M) requirements have been specifically
minimized to the extent practicable as part of the conceptual design, and are
simple and fully implementable;

Specific mechanisms to be considered for insuring land use is consistent with the
VCUP will be determined and executed as part of the VCUP implementation
process. Some of the mechanisms currently being evaluated include application
of Rico planning and development regulations, dedication of land parcels to town
ownership, use easements, restrictive covenants, and conservation easements.

Discussions regarding permit or other approval mechanisms for measures under
the VCUP are currently being pursued with federal and state agencies. These
permits would pertain to water quality discharge matters and the conduct of ciean-
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up activities on the banks of the Dolores River. Any permit requirements will be
structured to support the remedial nature of the proposed activities and are
expected to dovetail with VCUP components described herein. The remedial
nature of activities to be conducted under the VCUP, which technically qualify
as on-site "removal or remedial actions” under CERCLA, also raise the prospect
of permit waivers under Section 121(e}(1) of CERCLA.

. The proposed plan can be implemented within the required 24-month time frame,
assuming timely reviews and permit approvals and barring extreme weather
conditions.

4.2 Summary of Remediation Techniques
4.2.1 Design Basis

The design bases for the various elements of remediation at the several sites included in
this VCUP have been developed to meet the objectives discussed in Section 4.1 above and the
more specific purposes associated with the remediation techniques as summarized in the
subsections below. The remediation techniques proposed and the bases for their conceptual
design have been developed, in part, by appropriate application of selected Best Management
Practices (BMP) such as those presented by Colorado Mined Land Reclamation Division (1988)
and Idaho Mining Advisory Committee (1992), and in general accordance with the relevant
reclarnation practices of the Mineral Rules and Regulations (Colorado Mined Land Reclamation
Board, 1995). In addition, techniques or measures developed for and/or applied successfully at
other mining sites in generally similar conditions in Colorado are incorporated as appropriate
in the conceptual designs. Design criteria or standards are based on these BMPs, rules and
regulations, and/or precedents noted where possible. In all cases, and especially where specific
guidance is otherwise absent, standard engineering practice is applied in all of the conceptual
design. In the discussions following, the various remedial measures proposed are briefly
described, their purpose(s) is identified, and key design standards are presented, More detailed
and comprehensive descriptions of the specific measures and how they will be applied at each
site are presented in Section 4.3,

4.2.2 Hydrologic Controls
4.2.2.1 Runon Control

Practice: Runon controls are intended to prevent upland offsite surface water from
coming into contact with mine waste or mine drainage. The structures envisioned for
remediation of the Silver Swan site described herein are earthen dikes, ditches, drop
structures/chutes, and energy dissipators (e.g., riprap plunge pools). These structures are
appropriately protected from erosion under the design runon flows. This protection may be
provided by the gradation of the earth materials used in the structures themselves, revegetation,
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riprap, or other materials (e.g., geocell mattress, gabions, grouted riprap) depending on the flow
velocities and depths.

Purpose: The purpose of diversion structures is to intercept and re-route upland surface
water flows away from waste deposits and/or contaminated discharges at the site to De
remediated, The structures are sized such that the estimated offsite consequences if their
capacity is exceeded are not significant given the dilution effects associated with the larger flow
events,

Design Standards: The design standard adopted to meet the objectives of this measure
is the 100-year frequency precipitation event.

4,2.2.2 Runoff Control

Practice: Runoff controls include measures to provide for controlled runoff from areas
containing mine waste. Measures applicable to the Silver Swan site include contouring and
grading of the wasterock piles, and ditches and/or dikes to convey the collected runoff flows
offsite in a controlled manner. Reclamation cover measures, discussed separately below, also
provide for runoff control by mitigating the potential for erosion of the wastes. Eliminating
runon, as discussed above, is important in limiting the source of runoff water to direct
precipitation (i.e., rainfall and/or snowmelt). Similarly, grading the tops of wasterock piles so
that runoff is away from pile slopes wherever feasible also is important in runoff control and
minimizing erosion.

Purpose: Runoff controls are intended to shed water from areas containing mine waste
in a manner that does not erode and transport the wastes offsite. Proper runoff controls
contribute substantially to limiting infiltration of surface water into the wastes.

Design Standards: The design standard adopted for sizing and layout of runoff controls
is the same as for runon controls as described above (i.e., 100-year precipitation event). Where
feasible, the top surfaces of wasterock piles are graded to drain at 2 percent, and sideslopes are
graded at 4H:1V. Surface grades up to a maximum of 10 percent may be used where required
by topographic or other constraints.

4,2.2.3 Infiltration Control

Practice: Infiltration controls are measures or practices which reduce or eliminate
infiltration of surface water into and through mine wastes and ultimately to ground water. Such
controls include consolidation of waste materials to reduce the surface area susceptible to
infiltration, compaction of the upper surface of the waste pile to reduce the rate of infiltration,
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and most importantly, minimizing the quantity and duration of surface water contact with the
waste pile by runon/runoff controls.

Purpose: The primary purposes of infiltration controls are to limit the potential for
uncontaminated water coming into contact with the waste materials and becoming contaminated,
and to reduce the potential for flows through the waste materials transporting contaminants away
from the site by surface seepage discharge or ground-water flow.

Design Standards: The standard adopted for compaction of the surface of wasterock or
tailings piles (beneath the reclamation cover) is that the upper 12 inches of waste be of a
compactable gradation, and that 95 percent of Standard Proctor maximum dry density (or 93
percent of maximum index density for soils with little or no fines) be achieved.

4.2.2.4 Drainage Stabilization

Practice: Drainage stabilization involves measures to prevent or minimize erosion of
contaminated materials by or into a receiving stream, and to protect treatment facilities from
damage during flood events. For the Silver Swan site, such flood protection is provided by
construction of dikes to separate flood waters from waste materials, and appropriate protection
for natural ground, dikes, treatment works, and the waste materials to withstand the erosive
forces of the flooding. Erosion protection may be provided by riprap, gabions, grouted riprap,
geosynthetic liners or systems, or other means appropriate to the flooding event and site
conditions.

Purpose: The purposes of drainage stabilization and/or flood control measures is to
prevent uncontrolled erosion and dispersal of wastes due to normal and flood flows in receiving
streams at the site, and to protect surface water treatment facilities from damage under design
flooding conditions. Similar to the case for runon/runoff controls, these measures are sized such
that the estimated offsite consequences of exceedance of their capacity are not significant given
the dilution effects associated with larger flood events.

Design Standards: Given the substantially higher flows involved and the potentially more
significant consequences of dispersal of wasterock or tailings offsite associated with flooding
versus runon/runoff, the design standard adopted to meet this objective is the 500-year frequency
precipitation event. Protection of the wetlands treatment system facilities is provided to 100-year
level, consistent with requirements for municipal/industrial waste water treatment plants.
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4.2.3 Reclamation Cover

Practice: Reclamation cover encompasses methods and materials applied to the surface
of mine wastes which can include soil, rock, amendments to soil, pavemenis (asphalt or
concrete), geosynthetic liners, revegetation, or composite systems of two or more of these items.
For the Silver Swan site, cover methods proposed include revegetation of a composite
wasterock/borrow soil seedbed, or rock mulch (i.e., minimum 4 inches of erosion-resistant
gravelly soil on slopes up to 4H:1V) applied directly to the compacted, unamended wasterock
or tailings surface.

Purpose: Reclamation covers are intended to provide protection of the surface of mine
wastes from wind and water erosion, and interrupt incidental direct human and/or environmental
contact with the underlying wastes. Erosion protection effectively minimizes or eliminates
uncontrolled dispersal of waste material offsite. The physical barrier of borrow soil in the
revegetation areas or rock mulch in the non-vegetated cover areas effectively prevents incidental
contact or ingestion of waste materials.

Design Standards: The 100-year precipitation event has been adopted as the basis of
design for which erosion protection is to be provided.

4.2.4 Slope Stabilization

Practice: Slope stabilization encompasses measures and/or structures to prevent sliding
or mass wasting of natural, cut or fill slopes which may result in uncontrolled release of mine
wastes. Measures to be employed at the Silver Swan site involve grading wasterock and tailings
piles with sufficiently gentle slopes, implementing runon/runoff and infiltration controls to
reduce or eliminate pore pressures within the slopes, and providing erosion protection in areas
where scour could result in destabilizing adjacent slopes.

Purpose: Important objectives of stabilizing slopes are to prevent uncontrolled release
of mine wastes into adjacent receiving streams, and to maintain the integrity of other remedial
measures including runon/runoff and infiltration controls.

Design Standards: The standards for static stability of waste material slopes are a factor
of safety against sliding of 1.5 for long-term, steady seepage conditions, and 1.3 for short-term,
non-earthquake loadings including during construction. Stability during earthquakes (seismic
loading) should be provided to a degree commensurate with the consequences of failure, and
generally consistent with (or no less stringent than) the level of flood protection to be provided
(i.e., an earthquake frequency on the order of at least 100-year to 500-year recurrence). Factor
of safety under earthquake loading should be at least greater than 1.0.
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4.2.5 Passive Treatment of Mine Drainage

Practice: Passive treatment of mine drainage encompasses a wide range of practices,
processes and/or facilities which can be natural, enhancement of natural systems, or constructed.
Enlargement, enhancement and fuller utilization of existing wetlands are the basic treatment
concept proposed for the Silver Swan site.

A variety of treatment mechanisms are envisioned including aeration, filtration,
adsorption, plant uptake, aerobic and anaerobic (microbially mediated) precipitation, and
sedimentation. The proposed wetlands treatment system provides an  environment for
precipitation and removal of dissolved metals from the inflows. The components of the passive
treatment systems include: earthen dikes and liners to form shallow ponds (treatment cells);
hydraulic structures (primarily of earthen construction) to collect and convey inflows, and route
flows through and out of the system.

Purpose: The passive treatment system is intended to reduce the concentrations of
dissolved metals in adit flows from existing conditions prior to their discharge to the Dolores
River receiving streams. Where the treatment processes result in biological oxygen demand
(BOD) in the discharge that may be detrimental to the receiving stream, this deficiency is to be
mitigated before discharge. '

Design Standards: The overall treatment objective is to decrease the current loadings
to the receiving streams from adit discharges or seepage so that the instreamn standards in the
Dolores River downstream of the site continue to be attained. The treatment efficiency is
intended to be maximized to the degree feasible given the existing constraints of site topography,
climate and practical implementation of the complex mechanisms of passive wetlands-type
treatment,

4.3  Silver Swan Site Remedial Design

The VCUP should include: “A detailed description of the remediation alternative, or
alternatives selected, which will be used to remove, or stabilize corntamination released
into the environment, or threatened to be released into the environment;

A map identifying areas to be remediated, the area where the remediation system will be
located, if it differs from the contaminated areas, locations of confirmation samples, the
locations of monitoring wells, areas where contaminated media will temporarily be
stored/staged, and areas where contamination will not be remediated; and

Remediation system design diagrams showing how the system will be constructed in the
Sfield.”

\CLEANUP.ENL\SLVSWN\SECTION4 4-7



Silver Swan Mine Area
VCUP Application
Revision:
November 6, 1975

4.3.1 Introduction

The conceptual plan for remediation of the Silver Swan site addressed in this plan are
described in the following subsections. The proposed remediation measures to be implemented
are described. in sufficient detail to document that the concepts are technically and economically
feasible, constructable, and can be implemented within the required 24-month time limit set by
statute. Design diagrams are presented which show conceptual layouts and cross-sections of
major elements of the remediation. Prior to implementation of the proposed remediation, final
design investigations and analyses will be performed, and construction drawings and technical
specifications prepared. The specific layout, sizing, and construction materials will be
determined during final design and may be different in some detail to the concepts presented
below.

Geohazards. No substantive engincering geologic or geotechnical issues have been
identified with any of the remedial measures proposed for the site. As discussed in Section
2.5.6, there are no known significant geologic hazards with the potential to disrupt the remedial
measures proposed. The proposed grading and estimated materials properties of the wasterock
will result in stable slopes under both static and earthquake loadings. Where new dikes must
be constructed across wetlands with weak, saturated foundation conditions, the use of appropriate
geotextiles will provide adequate construction and long-term stability.

As noted in separate discussions that follow, the major hazard at the site is flooding of
the Dolores River. As necessary, earthen dikes with appropriate toe and slope erosion protection
are proposed to mitigate this hazard.

Site Access. Access to the Silver Swan site is available on existing roads and by fording
the Dolores River. Access to the site would be across the existing bridge to west Rico, except
for equipment which is too heavy. Heavy equipment would ford the stream at a location as near
the bridge and existing road as possible to minimize disturbance.

Construction Site Controls. Controls would be implemented during construction to
implement the requirements of applicable federal, state or local permits, codes or regulations.
In particular, construction drawings and specifications would identify and require implementation
of appropriate Best Management Practices (BMPs) to protect the Dolores River from
sedimentation during construction. These BMPs might include:

. . Armoring of the river banks as necessary at the locations selected for fording the
Dolores River;

. Temporary grading and berms to prevent runoff from disturbed areas to the
Dolores River;
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. Detention of runoff from disturbed areas before allowing discharges into the
Dolores River; and

. Construction of the wetlands dikes before excavating and consolidating wasterock.

BMPs would also be employed to control dust and spillage during earthmoving
operations, These would include dust suppression at grading sites and on haul roads, and proper
loading of haul trucks to prevent spillage.

All on-site construction and related activities will be conducted in strict conformance with
a Site Specific Safety and Health Plan to be developed prior to mobilization. A Site Safety
Officer will be designated to ensure that the requirements of the plan are met, and that safe work
practices are implemented. Preliminary personal air monitoring and experience at other similar
sites suggests that health risks will be minimal during earthmoving operations using appropriate
BMPs.

4.3.2 Conceptual Design
4.3.2.1 Hydrologic Controls

Runon Control. Controls to minimize runon of flows originating off site, as shown
schematically on Figures 4-1 and 4-2, involve the following remediation elements:

. Approximately 320 lineal feet of combined runon-runoff ditch around the waste
pile; and

. Approximately 600 lineal feet of runon swale behind the upslope wetland dike
described later.

Runon will be generated due to precipitation and/or snowmelt from the forested slope
immediately above the site. The contributing drainage areas for local runon include
approximately 76 acres above the wasterock pile and about 521 acres in the Sulphur Creck
drainage above the wetlands treatment area. Peak runon flows from these two subbasins are
conservatively estimated as 28 cfs and 101 cfs, respectively, for the 100-year precipitation event
(see Appendix C1 for hydrologic calculations). Runon will be split at the adit location, such that
a portion will be captured and conveyed in a ditch along the western boundary of the waste pile,
and the remainder will be intercepted by an extension of a flood dike protecting the wetlands
area occupying the north portion of the site. Conceptuat sizing of the required flow cross-
sectional area of the ditch bordering the waste pile is on the order of 6 square feet, while the
area behind the wetlands dike will be on the order of 30 square feet not including 2 feet of
freeboard. The conceptual layout assumes a flowline invert grade of 3 percent for the ditch and
0.5 percent behind the wetland dike, except at the southerly end of the runon ditch and the
eastern end of the dike. These grades will result in flow velocities on the order of 4 feet per
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second (fps) which should not be erosive in the revegetated, relatively coarse-grained
alluvial/colluvial soils and/or borrow material anticipated in the dikes/ditches. The runon
discharge would drop to the Dolores River in riprap lined (or equivalently protected) channels;
a small riprap lined plunge pool would be provided at the discharges if necessary as part of finzl
design.

Runoff Control. Runoff controls, as shown schematically on Figures 4-1 and 4-2,
involve the following remediation elements:

. Reducing potential erosion due to runofff by removing approximately 8000 cubic
yards of wasterock in a minimum 20-foot wide buffer zone along the west bank of
the Dolores River, and removal of the wasterock on the east bank to the Columbia
Tailings Site (estimated as 600 to 1300 cubic yards),

. Regrading of the existing wasterock dump to provide a surface sloped to drain at
2 percent and maximum side slopes of 4H:1V; and

. Conveyance of runoff flows in swales or ditches at the periphery of the waste pile
to the Dolores River.

The existing wasterock on the west bank of the Dolores River will be excavated and
consolidated with the remainder of the waste to be left in place. A buffer zone, a minimum of
20 feet wide, will be formed by excavating to natural ground. This buffer zone, together with
the regrading of the waste pile discussed below, will effectively eliminate the potential for
eroston and sloughing of wasterock into the river. The smaller wasterock dump on the east side
of the Dolores River will be excavated and hauled to the Columbia tailings site where it will be
consolidated and remediated with the tailings and other mining and milling wastes from the Pro
Patria mill site.

The regraded wasterock pile will occupy an area of approximately 1.3 acres. Peak runoff
flow from the remediated wasterock pile for the 100-year precipitation event is estimated as
about 3.3 cfs, assuming a runoff coefficient of 0.5 (see Appendix Cl for hydrologic
calculations). The 2 percent grades and 4H:1V slopes proposed, together with the additional
infiltration control discussed later, will shed runoff from the waste pile. The reclamation cover
will prevent the runoff from coming into contact with the water material thereby preventing the
water from becoming contaminated before entering the Dolores River. The large majority of
the runoff will occur as sheetflow into ditches around the north and west sides of the regraded
waste pile. A major portion of the runoff will enter the runon/runoff ditch and flow south to
the Dolores River. Some of the runoff will enter the runoff ditch at the north-northwest end of
the pile and flow east to the river. The minimal runoff from the east slope of the regraded
wasterock pile will flow through the flood protection riprap to the Dolores River.
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Infiltration Control. Infiltration controls, as shown schematically on Figures 4-1 and 4-
2, involve the following remediation elements:

* Rerouting adit discharges off of the wasterock pile;

. Reducing the toral surface area of wasterock at the site;

. Regrading of the wasterock surface for runoff drainage as described previously;
and

. Compaction of the wasterock surface.

Rerouting the existing adit discharge away from the surface of the wasterock pile is the
measure that will have a significant impact on reduction of infiltration over current conditions.
The constant infiltration of the majority of the estimated average 50 gpm of adit flow will be
effectively eliminated by this measure. As discussed more fully later under Passive Treatment
(Section 4.3.2.3), the adit flows will be conveyed directly into the upgradient, lined pond at the
head end of the enhanced wetlands system. The proposed compacted organic/soil liner will
significantly reduce potential infiltration from this historic source into the adjacent wasterock via
" the underlying colluvial/alluvial deposits.

The total surface area of wasterock at the site will be reduced about 20 percent, from
approximately 1.7 acres to 1.3 acres, by consolidating wasterock from the enhanced wetlands
area, removing wasterock from the west river bank, and relocation of the east waste dump io
the Columbia tailings site. This reduction will decrease overall infiltration of snowmelt and
precipitation through wasterock immediately adjacent to the Dolores River. More importantly,
infiltration will be significantly reduced by providing unimpeded runoff of incident precipitation
through proper grading of the top surface and slopes of the regraded waste pile.

Compaction of the wasterock immediately underlying the upper approximately 12 inches
of lime-amended wasterock (described later under Reclamation Cover) to 95 percent of Standard
Proctor (or equivalent maximum index denstty) is proposed to further inhibit infiltration. Note
that the uppermost approximately 12 inches of lime-amended wasterock must not be compacted
as it forms the lower half of the reclamation cover seedbed. Based on ficld observations and
experience with similar wasterock types, it is anticipated that the mass grading will result in a
workable gradation at the surface to be compacted. Proper moisture control will be required to
achieve the required compaction. In this type of material, the density achieved by compaction
can reduce hydraulic conductivity, although the decreases associated with compaction alone are
anticipated to be substantially less than an order of magnitude. It is likely that the greater
effectiveness of the surface grading and compaction efforts would be associated with the mixing
of the soils and breakdown of some of the larger fragments under the equipment loads. 1t is
anticipated that these mechanisms will tend toward a more well-graded particle distribution, and
thereby lower hydraulic conductivity.
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If necessary, locally, one or more additional measures could be employed to avoid any
significant areas of open-work wasterock at the compacted surface. Such measures might
include: blending of coarser material pockets with adjacent finer materials; use of heavier or
different type of equipment to disaggregate rock fragments (e.g., sheepsfoot versus vibratory
smooth drum); and/or local addition of sandy to silty soils. In addition to the required
compaction of the near surface to 95 percent of Standard Proctor, nominal compaction of any
underlying waste materials disturbed during regrading would be specified. This would include

specifying maximum loose placement depths and minimum passes thh appropriate tracked or
wheeled equipment, ;

Drainage Stabilization. The Site is located adjacent to the Dolocres River and at the
periphery of the alluvial fan of Sulphur Creek. The remediated wasterock pile and enhancad
wetland area will be protected from flood flows and resultant erosion by the folowing remedial
measures (Figures 4-1 and 4-2):

. Slope and toe erosion protection of the periphery of the wasterock pile extending
approximately 440 lineal feet along the west bank of the Dolores River;

. Approximately 800 lineal feet of earthfill dike around the portion of the periphery
of the enhanced wetlands area susceptible to flooding (i.e., external wetlands
dike); and

. Riprap (or equivalent) slope and toe erosion protection for the external wetlands
dike.

The remediated wasterock pile will be protected from 500-year discharges in the Dolores
River (see Appendix C1) by riprap of adequate height to contain the flood stage with 2 feet of
freeboard. Preliminary estimates indicate this will require riprap on the order of 10 to 12 feet
above estimated original ground at the river bank. Anticipated high velocity flows during the
peak of the design event (on the order of 15 to 20 fps) will require substantial erosion
protection. Given the potential scarcity of sufficiently large size riprap in the immediate arza,
options including gabions, grouted riprap or other methods will be considered during final
design. The enhanced wetland area will be protected from at least 100-year flood flows,
including provision of 2 feet of freeboard and protection against scour of the slopes and toe of
the external dike along the Dolores River. In fact, it is anticipated that 500-year protection will
be provided along the wetlands dike as a cost-effective alternative to such protection along the
north periphery of the remediated waste pile. Freeboard and erosion protection will also be
provided along the toe of the Sulphur Creek alluvial fan where the dike is subject to the potential
of 100-year flows utilizing this portion of the fan (flows already accommodated in the runon
estimates discussed previously). The external wetlands dike height will be governed by the
higher of the external flood stage plus a 2-foot freeboard or the internal wetland pool flood
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elevation plus wave runup freeboard, as established during final design. If found necessary
during final design, local reaches of the external dike traversing wetlands areas would be
constructed on appropriately specified geotextile to ensure constructability and minimize fill
requirements.

4.3.2.2 Reclamation Cover

The preferred alternative for reclamation cover at the Silver Swan Mine site involves the
following remedial measures, as illustrated schematically on Figure 4-2:

° Lime amendment of the upper 12 inches of wasterock,

. Placement of 12 inches of colluvial soils (approximately 1500 cubic yards) as
additional growth media over the amended wasterock surface;

. Revegetation of the regraded wasterock pile (approximately 1.3 acres); and

. Revegetation of disturbed native soils and new dikes/ditches (approximately 0.4
acres).

A comprehensive discussion of site soil characteristics and their revegetation potential is
presented in a soil characteristics report and recommended revegetation plan prepared by Cedar
Creek Associates (1995a and 1995b; provided with application under separate cover). Key
elements of this preliminary plan applicable to the Silver Swan Mine site are summarized in the
following paragraphs.

The surface reclamation concept for the remediated wasterock pile at the Silver Swan site
is to provide a suitable growth medium approximately 2 feet deep by lime amending the upper
approximately 12 inches of the wasterock, placing an additional 12 inches of borrow soil, and
then revegetating. In addition to providing a suitable lower seedbed, the amended wasterock
section will tend to mitigate potential upward migration of metals and/or acidic moisture due to
capillarity or diffusion. Required lime application rates will be established by sampling of the
final water surface materials during reclamation. Lime will be incorporaied in the wasterock
by tilling.

The source of borrow soil for the upper 12 inches of growth media assumed for
conceptual layout and design purposes is the existing disturbed borrow area in the slope above
the St. Louis ponds system, approximately 2 road miles north of the site. Although containing
what would typically be considered somewhat high percentages of coarse fragments, this borrow
material appears otherwise suitable as growth media based on its pH, conductivity and low
metals concentrations. In this application, the higher percentage of rock fragments will provide
supplemental erosion resistance, as long as the fragments are not so large or numerous as to
inhibit establishment of the vegetative cover. Existing piles of colluvial spoil near the adit will
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be used for a small portion of the required borrow. The potential to utilize alluvial fan and/or
alluvial soils present within and immediately adjacent to the enhanced wetlands area as the major
source of borrow soil would be considered during final design. If these materials are of suitable
gradation or can be readily screened on-site, and if borrow excavations can be kept largely
within areas to be submerged, this source may be preferable to the St. Louis borrow site.

The general seed mix proposed for the wasterock pile emphasizes native grass species,
and includes slender and streambank wheatgrasses to address erosional stability of reclaimed
surfaces. Other species are included based on their establishment potentials and to increase
native species diversity (i.¢., big bluegrass and mountain brome). In addition to the grasses,
four forb species are proposed (Rocky Mountain penstemon, birdsfoot trefoil, cicer milkvetch
and Lewis flax) based on their adaptive characteristics and positive aesthetic appeal. The
mixture proposed for sideslopes on dikes and ditches where riprap or other high erosion
resistance materials are not required, is simplified from the general mix. Species which do not
add to the stabilization objective, and which might compete with more desirable species for
available soil moisture and nutrients are excluded.

Samples of the prepared seedbed will be taken during reclamation to establish appropriate
types and application rates of fertilizer. Fertilizer will be broadcast over the seedbed and
incorporated by discing. The appropriate seed mix will then be broadcast and the surface
slightly roughened to cover the seed. The seeded area will be mulched at a rate of 2 tons/acre
following seeding with the mulch anchored by crimping.

An alternative reclamation cover under consideration for the Silver Swan site is non-
vegetated rock mulch. Rock mulch is defined herein as soils consisting predominantly of rock
fragments (gravel sizes or larger) with sufficiently low sand and fines content so that the rock
fragments effectively control the erosion resistance of the cover. An acceptable range of
gradations will be established as part of final design to specify this material. The currently
assumed source of rock mulch is the St. Louis borrow tunnel area. At least one pass through
a screening operation is anticipated to develop rock mulch from the colluvial soils. A thorough
coverage of 2 inches minimum thickness will provide adequate erosion resistance on the graded
surfaces and shallow slopes of the regraded wasterock pile. A minimum of four inches would
be specified to accommodate the variability anticipated with standard placement techniques,
thereby assuring that the 2-inch standard is achieved. These proposed thicknesses are based on
the assumption that the reclaimed areas will not be subject to vehicular traffic or other man-
induced disturbances that could disrupt the cover, and that slopes are no steeper than 4H:1V.
This alternative is being carried forward in the event that the actual characteristics and/or
quantities of borrow at the St. Louis site dictate minimizing required volumes of fill from that
source at this and/or the other sites. The rock mulch alternative would require approximately
1100 cubic yards versus the 1600 cubic yards of soil for the preferred alternative descrited
above. Lime amendment of the near surface wasterock would not be necessary with the rock
mulch alternative.
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4.3.2.3 Passive Treatment of Mine Drainage

Passive treatment of the Silver Swan Mine adit discharges is proposed in an enhanced
wetlands area at the north end of the site (Figure 4-1). The conceptual sizing of the wetlands
is based on utilization of the largest reasonably available area at the site. This area has been
selected based on consideration of a number of factors, including:

. Reported ranges of wetlands area versus inflow rates for successful systems of
generally similar type;

. Utilization of the existing lower ground between the Sulphur Creek alluvial fan
and the Silver Swan Mine waste dump;

. Keeping the ponded water isolated from the waste pile; and

. Minimizing unnecessary disturbance of the alluvial fan.

The wetlands treatment concept proposed for the Site relies on a variety of anticipated
mechanisms to attenuate metals in the adit discharges to a significantly greater degree than is
provided by the existing small wetlands on the waste dump. The primary mechanisms
envisioned are aeration, filtration, adsorption, plant uptake, aerobic and/or anaerobic
(microbially mediated) precipitation, and sedimentation. The intent is to construct a system
within which these various mechanisms will be present and/or develop naturally over time.

The shallow flow over soil type wetlands system proposed will provide an effective
treatment area totaling approximately 0.9 acres. The U.S. Bureau of Mines (BOM) and
Tennessee Valley Authority (TVA) expenience with natural and constructed wetlands treatment
of mine drainage indicates that on the order of 20 to 45 kg/day of iron can be treated per acre
of wetland (or 5 to 11 g/day per m” in the units used by BOM and TV A) for flows with pH >4,
and iron concentrations less than 50 mg/l. Silver Swan adit discharge pH and iron
concentrations are expected to be well within the indicated ranges. Assuming the estimated
average inflow rate of 51 gpm, and maximum iron content of 10.3 mg/l, the iron loading is
about 3 kg/day. Thus, the total 0.9 acre system is significantly oversized. Wetlands sizing
calculations are discussed in more detail in a report by Pintail Systems and Schafer and
Associates (PSI and SA, 1995) provided with this application under separate cover.

The conceptual enhanced wetlands layout provides for an aerobic treatment step in an
upgradient pond to enable oxidation precipitation of dissolved iron and to serve as a sludge
storage pond. Available adit water quality data suggest that sludge generation rates will likely
be low, but an aerobic step is considered prudent given the apparent effectiveness of the existing
conditions in decreasing iron and some other metals in flows from the adit to the small wetlands
on the waste dump (see Appendix C3 for wetlands sludge generation calculations). This
presumption is based on the sampling results described previously in Section 2.6.2. The aerobic
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pond is conceptually sized as about 0.18 acre surface area, with water depths on the order of
2 to 6 feet and a retention time of 3.2 days. Adit flows would enter the upper end of this pond
just below the current area of discharge fo maximize use of the reasonably available area. The
aerobic pond is estimated to provide sufficient volume to hold accumulated sludge for a period
of between 23 and 77 years based on compacted sludge concentration ranging between 3 and 10
percent,

The central part of the enhanced wetlands system would consist of one or more cells in
an area of approximately 0.46 acres impounding water with depths ranging from about 6 inches
to 3.5 feet. The shallow wetlands pond(s) would be lined sufficiently to contain most of the adit
flows for treatment. Any lining which results in surface ponding and treated discharge to the
river would also result in a lower total flux of seepage beneath the downgradient waste pile to
something less than has occurred historically. The conceptual alternative for the liner is a
compacted, manure-amended soil layer one foot thick. A mix of approximately 50 percent
manure and 50 percent soil (volume basis) is envisioned. The hydraulic conductivity of such
a liner mix would be verified during final design using the proposed borrow soils and manure
from sources to be identified in the general vicinity. If the necessary hydraulic conductivity
cannot be feasibly achieved with a soil/manure liner using available soils, use of more
thoroughly processed and/or bentonite amended soils would be considered during final design.
An advantage of the soil/organic liner concept is that it would also provide some measure of
treatment to the envisioned minor seepage flux through it, and serve as a substrate for
establishment of wetlands vegetation.

A second aerobic pond is planned at the downgradient end of the wetlands. This pond
would mitigate the dissolved oxygen deficiency anticipated due to the oxygen demand of the
central pond(s) containing an anaerobic substrate and would treat dissolved manganese. This
pond is conceptually sized as approximately 0.26 acres, ranging from six inches to two feet in
depth. ' -

A compacted soil/organic liner as described above is also envisioned for the aerobic
ponds at the up- and downgradient ends of the system, except that an additional cover of 6
inches of soil without manure amendments would be placed over the 12-inch liner. The cover
soil will maintain a more aerobic condition which is conducive to iron and associated metals
precipitation in the uppermost pond, and to increasing dissolved oxygen levels and precipitation
of manganese in the lowermost pond.

The soil liner/substrate in all of the wetland cells would be placed to provide an
undulating microtopography conducive to diverse habitat conditions for the plants and microbial
organisms essential to the overall treatment mechanisms desired. Selected wetlands species from
local natural wetlands would be transplanted to the substrate/liner in each of the cells described
previously. This measure, and the proposed manure additions as part of the soil liner, will
initiate the natural development of the biologic component of the enhanced wetlands system.
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4.4  Operations and Maintenance Plan and Monitoring

The VCUP should include: "A remediation system operation and maintenance plan that
describes, at a minimum, how the system will be operated to ensure that it functions as
designed without interruptions and a sampling program that will be used to monitor its
effectiveness in achieving the desired goal.”

4.4.1 Operations and Maintenance Plan

The proposed VCUP for the site is intentionally comprised of remedial measures
requiring the minimum practicable operations and maintenance and maximum practicable service
life consistent with the applicable performance objectives, regulatory requirements, and
anticipated future land uses. An overview of the anticipated O&M for the major elements of
the proposed remedy is presented here. The specific requirements for operation and maintenance
will be refined as part of final design before implementation of the remediation.

No specific operations are required for the hydrologic control, slope stabilization or
reclamation cover elements of the VCUP. The need for maintenance of these elements is also
expected to be minimal, assuming that they are not subjected to loadings or disturbances for
which they are not designed. An annual inspection is proposed for the first five years after
construction of the remedy to verify that the integrity of these measures has not been breached
and/or to identify any conditions requiring maintenance (e.g., local disturbance of rock mulch
cover or channel erosion protection). Additionally, an inspection should be made following
severe precipitation events or earthquakes approaching the design basis events.

Hydraulic and treatment operation of the passive wetlands treatment system does not
require operator attention on a routine basis. Flows are by gravity and control structures are
simple overflows at set elevations. Treatment processes occur by natural mechanisms as
discussed previously. Appropriate flexibility is included to adjust overflow elevations (and
thereby flow rates and pond levels) if necessary and appropriate for operational or maintenance
reasons. It is proposed that system operation be appropriately monitored and refined during the
first year after construction. This will include observation of hydraulic function and sampling
and analysis of treatment performance under an annual range of inflow and climatic conditions.
The frequency and scope of subsequent operational requirements would be ¢stablished based on
the results of the first year’s monitoring.

4.4.2 Monitoring Plan
A program to confirm the effectiveness of the VCUP will include:
° Pre-VCUP water quality determination

° Post-VCUP confirmation sampling

\CLEANUP.ENL\SLVSWN\SECTION4 4-17




Silver Swan Mine Area
VCUP Application
Revision: 0
November &, 1995

L4 Assessment of enhanced wetlands performance
4.4.2.1 Pre-VCUP Water Quality Determination

A pre-construction water quality sampling program will be conducted to further determine
water quality sampling of adit, wasterock and wetland discharges. Water quality will be
determined from existing information and additional samples collected prior to construction.
Results of the water quality program will be used to determine final design of the enhanced
wetland system and for the comparative assessment of post-VCUP system performance.

The water quality sampling program will be implemented in the fall of 1995, continue
until start of construction, and include the following sampling station locations, parameters, and
frequency of sampling:

1. Sampling Locations
Silver Swan adit
Seepage points (mine waste pile)

Wetland inflow
Wetland outflow

2. Parameters

Field rato
Flow rate Total-recoverable and dissolved:
Iron

pH Manganese

Temperature Cadmium

Specific conductance Copper

Eh Lead

Total iron and dissolved iron (II) Silver

Dissolved oxygen Zinc

Alkalinity Total suspended solids
Total dissolved solids
Hardness
Sulfate

All sampling will be performed according to specified methods in 40 CFR, Part 136;
methods approved by EPA pursuant to 40 CFR, Part 136; or methods approved by the Diviston,
in the absence of a method specified in or approved pursuant to 40 CFR, Part 136. The
analytical method selected for a parameter will be the one that can measure the lowest detected
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limit for the parameter unless the stream standard for that parameter is within the testing range
of another approved method.

3. Frequelicy
Quarterly (weather and access conditions permitting)
4.4.2.2 Post-VCUP Confirmation Sampling and Inspections

A post-VCUP confirmation sampling and inspection program will be conducted to
determine the performance of the enhanced wetlands passive treatment system and its
effectiveness in reducing mine drainage metal concentrations as compared with pre-VCUP water
quality. Qualified personnel will conduct inspections concurrent with sampling events. Such
personnel will inspect all control measures identified in the VCUP to ensurc that they are
operating as designed. Results of each inspection and sampling event will be summarized in 2
written report, including scope of the inspection/sampling, personnel, date of
inspection/sampling, major observations, any actions taken as a result of the inspection and/or
sampling, and sampling results.

The confirmation program will be conducted for one year following completion of
construction and include the following sampling station locations, parameters and frequency of
sampling:

1. Sampling Locations

Silver Swan adit
Wetland outfall

2. Parameters
Same as pre-VCUP program
3. Frequency

Daily for first week (field parameters)

End of first week (all parameters)

Quarterly thereafter (all parameters; weather and access conditions permitting)
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4.4.2.3 Performance Assessment, Records and Reporting

An assessment of inspection and confirmation sampling results will be performed to
determine effectiveness of control measures in reducing metals loading and improving water
quality. The assessment will take into account pre-VCUP and post-VCUP water quality
information for the Site, historic Dolores River water quality upstream and downstream of the
site, and numeric water quality standards for Dolores River (Segment 3) effective May 30, 1995,
Records of all assessment, inspection and monitoring information will be established and
maintained by the applicants. Such information will be submitted to the Division. These reports
will include conclusions, major observations, results of sampling, site inspections reports and
any follow-up activities, and assessment of the VCUP’s effectiveness.

4.5 Management of Wastes Prior to Implementation of Remedial Action

"The plan should describe how the waste, or contaminated media will be managed prior
to treatment, and/or disposal.”

The remedial alternative does not include treatment or removal and disposal at an offsite
location. There is no formal management of the site. The site lies on private property.

4.6 Hazardous Waste Generation

"The plan should discuss whether or not a hazardous waste will be generated by its
implementation (e.g. through the excavation of contamination, which may have been
discharged prior to 1980, but which would become a hazardous waste upon being dug
up or managed), and the volume of this material. The plan should aiso describe how
such hazardous waste will be managed in accordance with current state and federal
hazardous waste regulations.”

No hazardous waste will be generated by implementation of the VCUP.
4.7  Verification Sampling Program (Wasterock)

*If applicable, the plan should describe the sampling program that will be used to verify
that treatment of the contaminated media has resulted in a non-hazardous waste.”

The proposed remedial alternatives for the site does not include the treatment of the

wasterock materials. Therefore, a verification sampling program for the wasterock is nos
applicable.
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4.8 Remediation Risk Analysis

No significant short- or long-term risks have been identified for the remediation proposed
in this VCUP. Short-term (implementation/construction period) risks will be typical of those
for any earthmoving project, and are readily manageable so as to effectively avoid any
significant environmental or health and safety consequences. As discussed in Section 4.3.1,
construction controls will be fully implemented to protect the Dolores River, and undisturbed
lands adjacent to the work areas and/or offsite from uncontrolled releases of sediment or mine
waste. The technologies to be employed for the proposed remediation, and the constructicn
control BMPs are simple, have been used successfully for decades, and are readily controlled
and verified by on-site inspection and supervision of the work.

All on-site construction and related activities will be conducted in strict conformance with
a Site Specific Safety and Health Plan to be developed prior to mobilization. A Site Safety
Officer will be designated to ensure that the requirements of the plan are met, and that safe work
practices are implemented. Preliminary personal air monitoring and experience at other similar
sites suggests that health risks will be minimal during earthmoving operations using appropriaie
BMPs.

Potential long-term risks to the integrity of the proposed remediation at the site include
natural processes or hazards such as erosion, floods and earthquakes, and man-induced
disturbances such as inappropriate land use. The design of the various elements of the
remediation to the standards identified in Section 4.2 and as described in Section 4.3 will
effectively mitigate the potential for significant damage and/or release of contaminants from the
sites under the design events adopted (e.g., 100-year/500-year flood; design basis earthquakes).
Design, construction and operation of the earthwork and hydraulic structures and facilities
comprising most of the remediation to these types of standards (and in fact to much more
stringent standards for critical facilities) have been demonstrated to be readily achievable and
effective on innumerable projects of similar scope and conditions. The potential for man-
induced disturbances is effectively addressed by land use and related institutional controls as
described in Sections 4.2.6 and 4.9,

The technical and economic feasibility of the proposed remediation at the site derives
from the nature, scope and relative simplicity of the design and implementation of the plan as
discussed above. Compared to all other elements of the remediation, the wetlands treatment
systems have relatively fewer directly applicable pilot and/or full-scale precedents on which fo
draw. However, even this aspect of the project is judged economically and technically feasibie
in the context of the appropriate application of innovative technology at the site.

4.9 Land Use/Institutional Controls

The proposed land use for the site will be as a continued inactive mine waste site with
potential use as open space as part of a river corridor. Maintenance for the use will largely be
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self-implementing. ARCO and the current landowner Applicant will work to ensure continued
coordination and site maintenance. Some of the mechanisms currently being evaluated for the
private parcel, include application of Rico planning and development regulations, dedication of
land parcels to town ownership, use easements, restrictive covenants, and conservation
easements. Specific mechanisms to be employed for the site will be determined and executed
as part of VCUP implementation.

4.10 Permit Requirements

The plan should identify all permits (Federal, state and/or local including, if necessary, EFA
Form 8700-12-Notification of Hazardous Waste Activity, required on the generation of hazardous
waste) that will be needed before the plan can be implemented.

Three general areas involving permitting or government approval issues have been
identified:

1. Water Quality - Passive Mine Drainage. The passive filtration wetlands system and
related water quality irmprovement components of the project will be developed with appropriate
input and/or approval from the Water Quality Control Division ("Division"} of the Colorado
Department of Public Health and Environment ("CDPHE"). The applicants are currently
coordinating with the Division to determine the appropriate mechanism for obtaining such input
or approval. Options include: (i) the use of a short-term, general or individual permit under
the NPDES program tailored to specific reclamation projects; (ii) approval under the State’s non-
point source control regulations for passive treatment of mine drainage, 5 C.C.R. § 1002-22;
(iii) applying substantive state standards through the ARARs program but waiving actual permit
requirements under § 121(e)(1) of CERCLA based on the "removal or remedial” nature of the
project; and (iv) application of the "Good Samaritan" provision in pending Clean Water Act
reauthorization legislation specifically allowing for voluntary remediation of historic, abandoned
mine drainage without full NPDES permit. Regardless of the final permitting approach taken,
the VCUP will take into account specific surface water quality standards in place for the
appropriate segments of the Dolores River and its tributaries, as discussed above, in establishing
discharge goals for the system.

2. Dredge and Fill Permit. All fill work performed within the existing wetlands will
comport with appropriate U.S. Army Corps of Engineers ("Corps") and EPA standards. Formal
approval will likely come through the Corps’ nationwide permit system under Section 404 of the
Clean Water Act. ARCO continues to explore the availability of a permit waiver under Section
121(e)(2) of CERCLA applicable to response actions of the nature being undertaken here. In
any case, best management practices associated with construction activities within wetlands will
be employed.

3. Reclamation Standards. While no reclamation permit will be required from the
Colorado Mine Land Reclamation Division ("MLD") or other agencies, the applicants will
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consider and apply appropriate MLD standards to those aspects of the project involving
traditional reclamation activities.

4,11 Schedule of Implementation
The plan should include a schedule of implementation.

Implementation of remediation for the Silver Swan site will begin immediately upon
approval of the VCUP. The major required activities in their general order of implementation
are:

Final design engineering and preparation of construction documents
Permitting

Project procurement (bidding, negotiation, award)

Construction

As appropriate, certain of these activities and/or specific sub-activities would be performed with
overlap or concurrently. It is anticipated that engineering through review should be achievable
within six months of the start date. Project procurement can be completed in no more than three
months. These activities generally are not seasonally (weather) dependent, with the exception
of final design field investigations and site surveying. Construction, on the other hand, is highly
dependent on weather and river flow as discussed below.

The construction season at the site is reasonably assumed as from May 15 to October 15.
A variation of plus or minus two to three weeks on both ends of these construction seasons is
probable. The duration of construction activities is estimated at 2 months.

The total duration of the project is strongly influenced not only by the durations of
various tasks, but also the start dates of seasonally dependent activities. If, for example, final
design investigations and site surveys cannot begin before weather sets in the late fall, then
design and preparation of construction documents would be delayed until the following summer.
Similarly, if pre-construction activities delay the potential start of construction until too late in
the summer, it may be necessary to delay work until the following spring or summer. In
general, the construction would not be split between two seasons due to potential damage to
uncompleted parts of the work, greater risk of offsite sediment releases, and higher costs
associated with winterization, remobilization and repair of any damaged work.

Given the factors and conditions discussed above, the required 24 month time limit for
implementation of the remedial measures at the Rico site can be met, assuming the following
conditions are met: '

° Any necessary permits are attatned in a reasonably timely manner (within no
more than 6 months from initial submittal of permit applications);
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. The construction seasons identified above are not significantly impacted by
extremely severe weather;

. Any necessary reviews of construction drawings and technical specifications are
performed in a timely manner (within no more than 6 months from initial
submittal for review); and

o Seasonally dependent activities are not delayed into the following year.
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Qualifications of Preparers
of Voluntary Cleanup Application

The Atlantic Richfield Company selected a multi-disciplinary Team of qualified
environmental and engineering professionals assembled by ESA Consultants Inc. to prepare the
Voluntary Cleanup and Redevelopment Act application for the site. The Team includes key
environmental and engineering professionals from several environmental consulting firms as
follows:

ESA Consultants Inc., Fort Collins, Colorado (Lead Firm)

W. Roger Hail, C.E.G. Project Principal

Edmund J. Schneider, P.G. Project Manager

Douglas M. Yadon, P.E. Project Engineer

William R. Kelly, P.E. Civil Engineer (Hydraulics/Water Treatment)
Cedar Creek Associates, Inc., Fort Collins, Colorado

Stephen G. Long Site Assessment/Reclamation

Steven R. Viert Site Assessment/Vegetation and Wildlife Habitat
Environmental Management Systems Company, Fort Collins, Colorado

Thomas E. Gast Site Assessment/Operational History
Pintail Systems Inc., Aurora, Colorado

Leslie C. Thompson Site Assessment/Wetlands/Bioremediation
Planera, Inc., Fort Collins, Colorado

Bernhard E. Strom Site Assessment/Land Use
PTI Environmental Services, Boulder, Colorado and Bellevue, Washington

Michael V. Ruby Site Assessment/Water Quality

Rosalind A. Schoof, Ph.D. Health Risk Assessment

Yvette Wieder Lowney, M.P.H.  Health Risk Assessment

Schafer and Associates Denver, L.L.C., Lakewood, Colorado
Lorraine H. Filipek, Ph.D, Site Assessment/Geochemistry

A company profile and summary of environmental engineering capabilitics for ESA
Consultants Inc. and resumes of key Team personne! are provided in the following sections.



ESA CONSULTANTS INC.
COMPANY PROFILE AND
ENVIRONMENTAL
ENGINEERING CAPABILITIES



COMPANY PROFILE

ESA Consultants Inc. (ESA), was founded in 1969. Since that time we
have developed the engineering resources, project management capabilities and
technical expertise to provide our clients with the best and most appropriate
technologies for environmental protection, water resources development and
management, and mining industry support.

ESA has been engaged in Superfund work since 1982 and has the
capabilities and experience to support projects from the initial site assessments
through implementation of selected remedies. Since 1988 the majority of ESA’s
Superfund work and emphasis has been the performance of Expedited Response
Actions and Remedial Designs/Remedial Actions. We specialize in detailed site
assessments for design support, preliminary and final designs, cost estimating,
plans and specifications, bid documents, construction oversight, negotiations
support, and other matters related to implementation of remedial actions.

The firm's environmental project experience also includes siting studies,
permitting, environmental impact statements/reports, litigation support, design,
and other matters related to mining, energy, solid waste, and waste-water
facilities. In addition, development and management of surface and ground-water
resources has been an integral part of the firm’s work since 1969. Water
resources and mine related work are complementary to environmental engineering
in requiring most of the same staff disciplines and technologies.

Clients of ESA include industry, water agencies, utilities and law firms
and ESA has provided services throughout the United States and several foreign
countries,. ESA is an employee owned business and an equal opportunity
employer providing services in the following disciplines.

o Civil Engineering o Environmental Engineering
o Geotechnical Engineering © Hydraulic Engineering

o Hydrogeology o Geochemistry

o Hydrology o Computer Science



ENVIRONMENTAL ENGINEERING CAPABILITIES

SITE ASSESSMENTS

ESA provides multi-disciplined teams to perform environmental site assessments
ranging in complexity from preliminary characterization studies to comprehensive
evaluations for remedial design. This is accomplished through appropriate
technical investigations and information management:

0 Site reconnaissance and exploration
— Soil and geologic mapping
— Land uses and cultural resources
— Soil and rock borings and pit excavations

o Soil and water studies
— Sampling and analysis
— Chemical equilibrium modeling
— Geochemical modeling
— Limnological modeling

o Ground-water investigations
— Aquifer tests
— Flow system modeling
— Water quality monitoring
— Solute transport modeling

o Surface-water investigations
— Hydrologic and hydraulic studies
— Flood flow determinations
— Flood routing
— Water quality monitoring

o Feasibility studies
— Technology screening
— Development/screening of initial alternatives
— Detailed analysis of alternatives

o Information and data management
— Data management systems
— Quality assurance/quality control plans
— Data quality assessment and validation
— Documentation review



ENVIRONMENTAL ENGINEERING CAPABILITIES

ENGINEERING DESIGN AND COST ESTIMATES

ESA specializes in the development of detailed designs, construction plans and
specifications, and bid documents for Superfund site remedial actions, and RCRA
and mine/mill waste facilities. The firm provides engineering design and cost
estimates for:

o Removal actions
0 Disturbed stream/wetlands systems restoration

o In situ waste containment/treatment systems
— Slurry walls
~— Multi-media caps and liners
— Embankments
— Waste consolidation
— Wet-closure treatment systems

o Solid and liquid waste facilities
— Liner and seepage collection systems
— Impoundment embankments
— Mine waste piles
— Ground-water monitoring networks

o Water/waste-water treatment facilities
— Settling ponds
— Pumping systems
— Chemical feed
— Clarification
— Sludge handling

o Ground-water systems
— Supply wells
— Extraction well systems
— Treated water injection well systems
— Interception/drain systems

o Facility flood protection
— Levees/embankments
— Riprap and soil-cement slope protection
— Hydraulic structures
— Sedimentation ponds



KEY PERSONNEL
QUALIFICATIONS

ESA Consultants Inc. (ESA)
Cedar Creek Associates
Environmental Management
Services (EMS)

Pintail Systems

Planera

PTI Environmental Services
(PTD

Schafer & Associates



ESA Consultants Inc. (ESA)
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W. ROGER HAIL, C.E.G.

Senior Vice President/Division Manager
Principal Hydrogeologist

Academic Credentials
B.S. Geological Engineering, Untversity of Nevada,
Mackay School of Mines, 1956

Professional Licenses

Registered Geologist! Certified Engineering Geologist - California

Professional Geologist - Wyoming

QSHA Health/Safety Training for Hazardous Waste Operations - 40-hr Certification

Key Qualifications

Mr, Hail bas over 37 years of varied experience in the fields of hydrogeology and engineering geology applied to
environmental remediation, water resources development and mansgement and mine permitting and development. He
acis as Principal-Tn-Charge, Project Manager or Senior Consultant in his specialty discipline of hydrogeology. His
extensive experience has enabled him to stimulate project teams to innovative project approaches and solutions.

Throughout his career, he has worked on projects involving water quality and water quality control for both surface and
ground water, Initially, this work was in the water resources field starting with his employment with the California
Department of Water Resources and progressing to the consulting field in 1963, Environmental bydrogeology becarne
progressively more important and was applied to mine permitting and design of water quality control measures through
the 1970's. With the advent of RCRA and CERCLA, be has been active with project assignments ranging from
environmental site assessments, scoping remedial investigation/ feasibility studies and performing remedial
design/remedial actions. This work included development of RCRA monitoring systems for four petroleum refineries
and a detailed environmental impact assessment for a refinery conversion to syafuels production. An integral part of his
work has been interfacing with regulatory agencies including negotiation support, commenting on and responding lo
comments on various project documents.

Relevant Related Experience

* Warm Springs Ponds Operable Units, Butte/Silver Bow Creek Superfund Site, Montana. Mxr. Hail has served
ARCO as Principal-In-Charge of ESA work rangiog from feasibility studies to remedial design/remedial action
inchuding pegotiation support. He led a team of professionals in developing the ARCO Plan for remediation in
parallel to the State's Feasibility Study and helped ARCO to successfully sell this plan in opposition to much
more costly alternatives.

L] Other ARCO Service, Mr. Hail has served Anaconda Minerals Company and ARCO since 1974 on projects
in California, Colorado, Montana, Nevada and Utah. He developed mine water and tailings management plans
for the Carr Fork Mine in Utah and developed well field operation plans at the Nevada Moly Project. He
supported ARCO in negotiating work plans for the Anaconda Smelter NPL Site remedial investigation. He
performed & critical review of the Rl for the Milltown Dam NPL Site in Montana.

. Rio Tinto Mine Site, Nevada. A confidential non-intrusive environmental site assessmeat was performed for
an abandoned mune in Northen Nevada. The site assessment involved review .of historic data and reports, aerial
photos, topegraphic maps pertaining to the site and a site inspection. The work included development of
remediation concepts and cost estimates to alleviate surface water quality degradation. Also, a critical review
was performed of a conceptual design report for remedial measures prepared for other previous owners of the
ming site,
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Summitville Superfund Site, Colorado, An environmental site assessment was performed for a PRP that
inchuded review of extensive documents, maps and aerial photos and a site reconnaissance. The abandoned mioe
involved extensive underground workings with newer open pit mining superimposed resulting in severe acid
mine drainage. Potential liabilities of the confidential client were identified and commeats were prepared for
the administrative record.

Allied-Signal Goldcamp Disposal Area, Ironton, Qhlo: NPL Superfund Site. Mr. Hail served as ESA's
Principal-in-Charge during preparation of Work Plans, pre-design, Remedial Design, and construction phases.
Provided technical guidance and assisted with site ground-water investigations, and preparation of the Ground-
Water Data Report. He was responsible for internal QA/QC and quality of technical work product.

Lower Area One Operable Unit Expedited Response Action, Silver Bow Creek/Buite Area CERCLA Site,
Montana, Mr. Hail provided review and oversight of ground-water modelling, participated in negotiations
support, and evaluation of ground-water interaction with the adjacent Montana Pole Plant.NPL site. He was
responsible for review and coastruction oversight of dewatering plans for Remedial Design/Remedial Action.
He performed a critical review of the RI for the Milltown dam NPL Site in Montana and provided alternative
interpretations of ground-water elements of remedial design at the Lower Are One Operable Unit. He provided
the c¢lient with an informal assessmeant of the impacts the Montana Pole Plant NPL site would have on the
adjacent Lower Area One during remedial action with respect to PCP contamination.

Old Works/East Angconda Development Areqa Operable Unit, Anaconda Smelter CERCLA Site, Montana.
Mr. Hail provided QA/QC review of Feasibility Studies.

Mt. Taylor Uraniium Mill Project, New Mexico. Mr. Hail developed a ground-water discharge plan for dispossl
of uranium mill tailings including monitoring systems. He provided input to design of wranium mill tailings
disposal systems, testified under oath at public hearings, and provided negotiations support with NRC.

Rocky Mountain Arsenal Superfund Site, Colorado, Mzs. Hail was principal iavestigator of ground-water
contamination at the north boundary of the arsenal resulting from manufacture of chemical warfare agents,
pesticides, herbicides and fungicides. Work included development of a data base for 1,000 monitoring wells
defining contaminant plumes, performing and interpreting multiple well pumping tests and development of a
ground-water model to support design of a hydraulic barrier/extraction/treatment/ recharge system. This worlc
was performed for the Corps of Engineers, Omaha.

Other Mine Sites. Other mipe sites Mr. Hail has worked on include: the Blackbird Mine, ID; Del.amar Mine,
ID; Cotter Umnium Mill Tailings Ponds, CQ; Section 36 Coal Mine, WY; Skookum Coal Mine, WA; Leviathon
Mine, CA; and inspection of 28 Coal Waste Facilities in WV,

Publications
Hail, W.R., Magjerison. J.A., Stephenson, §., and Yadon, D.M. 1995. Remediation of the Warm Springs Pond

Complex, Montana. Society of Mining Engineers Annual Meeting.

Hail, W.R., 1990. Design of Adelaide Dam, Wyoming. Association of State Dam Safety Officials Conference.

Hail, W.R., et al., 1979. Dewatering Active Underground Coal Mines (to contrel Acid Mine Drainage) - Technical

Aspects and Cost-Effectiveness, U.S. EPA R&D Program Report.

Hail, W.R., et al, 1969, Geothermal Development in the Imperiat Valley, California. American Geophysical Union

Symposium, December.

Hail, W.R., et al, 1963. Northeastern Counties Ground-Water Investigation. California Department of Water Resources

Bulletin, No. 98.
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EDMUND J. SCHNEIDER, P.G.
Associate Hydrologist/Engineering Geologist

Academic Credentials
M.S., Geology, Colorado State University, 1975
B.S., Wildlife Biology, Colorado State University, 1968

Professional Licenses

Professional Geologist, Wyoming

OSHA Health/Safety Training for Hazardous Waste Operations
40-br and 8-hr Supervisory Certification

Key Qualifications \

Mr. Schoeider is a registered professional geologist with over 20 years of varied experience in bydrogeology, engineeriag
geology and enviroamental geology. His responsibilities have included project management and technical investigations
in soil, geologic and environmental hazard assessments,- ground-water quality assessment, data management/data
validation, remedial investigations and design, and remedial action construction oversight. Mr. Schoeider's hydrogeologzy
and ground water experience ranges from non-intrusive investigations of regional and site-specific hydrogeology ad
ground-water flow conditions to intrusive field studies for characterization of hydrostratigraphy, ground-water flow paths
and aquifer hydraulic properties for a variety of water supply, construction dewatering, environmental impact and
hazardous waste site assessments, and remediation projects. His eavironmental geology project experience includes
document reviews, aerial photograph interpretation, site reconnaissance, field mapping, intrusive soil and ground-water
investigatiops, data management/data validation, and geologic hazards assessment. His recent relevant Superfund
experience includes engineering evaluation/cost analysis, feasibility studies (alternatives analysis), remedial design and
construction oversight/quality control. Mr, Schneider is also experienced in preparation of permit applications, expert
testimony at permit hearmgs, negotistion with regulatory agencies on a variety of environmental investigation/remediation
projects, and preparation and implementation of site-specific health and safety plans in accordance with OSHA 29 CFR
1910.120.

Relevant Related Experience

. Warm Springs Ponds Inactive Areg Operable Unit Remedial Action Construction, Montana. In addition to
bis technical responsibilities at this site, Mr. Schneider served as Project Manager for construction oversight
services for all phases of construction activities, inchiding techaical support, field inspections, materials testing
and construction quality control. Assistance was also provided for monthly progress reports, agency site
inspections, surveying subcontract services, field design modifications, and post-construction activities, including
eavironmental monitoring and operations/ maintenance plans, construction completion report/as-built drawings,
and pre-final and final construction inspections. Mr. Schneider directed a field staff of 2 to 4 inspectors, an
office staff of 4 engineers, and several subcontractors to accomplish the various oversight tasks.

. Warm Springs Ponds Operable Unit Soil and Ground Water Remediation, Butte/Silver Bow Creek NPL Site,
Montana. Served as environmental soils investigation leader and hydrogeologist for this operable unit. Mr.
Schoeider was responsible for developmeat of an ore tailings and associated soils removal protocol on bebalf
of the client, in lieu of definitive EPA or State of Montana action level criteria for soil remediation.
Development of the removal protocol involved extensive field exploration, soil analysis for heavy metals of
concern, and statistical quantification of analytical data by material type and by depth within the affected soil
profile. The protocol was approved by the EPA and applied effectively during the removal of approximately
430,000 cubic yards of tailings and associated soil materials from a three-mile reach of stream channel to protect
the fishery in the Clark Fork River downstream of the site. In addition, Mr. Schoeider was respensible for the
assessment of ground-water quality and aquifer hydraulic propesties required for the analysis and design c-f
ground-water control systems, including ground-water interception and treatment for heavy metals,
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. Rico Site Environmental Assessment Support-Document Review. Mr. Schneider served as Project Manager
in the review of ARCO Rico Site archived files/documents and various other related sources of information,
Discharge data and historic water quality data was compiled as a summary of the site background and an
annotated bibliography of over 200 database records was created to assist ARCO in the Rico Site Environmenial
Assessment.

. Great Falls Refinery Site Assessment, Montana. Mr. Schneider suppoited operations in the
development/implementation of & successful surface and ground water drainage control program and site
reclamation for decommissioned metals refinery facility to alleviate potential off-site releases of heavy metals
to the Missouri River. Conducted scoping study to identify extent of impacts to site soils and surface water
quality associated with prior metals refining operations and solid waste management. He was responsible for
development/management of the soil and surface/walter quality studies, data reduction and analysis, and report
preparation. Follow-up work inchuded site inspection and recommendations for construction of stable reclaimod
fill slopes and lined drainage ditches. o

* Summitville Superfund Site Assessment, Colorado. Reviewed technical documents from extensive
administrative record and conducted site reconnaissance at NPL site subject to severe acid mine drainage
conditions for confidential client. The study focused on a qualitative assessmeat to compare/contrast historic
mining/milling operations with recent open pit gold mine/cyanide heap leach operations as major sources of
hazardous substances and acid mine drainage in anticipation of potential litigation.

. Diesel Fuel Spill, Nevada Moly Mine Site, Nevada. Conducted site investigations to determine extent of
infiltration of a diesel fuei spill from storage tank. Investigation included review of operational circumstances
associated with the spill, quantity spilled and field excavations to examins depth of infiltration into the ground,
A quantitative analysis, based on API guidelines, was performed to confirm that residual fuel in the ground did
not pose a potential threat to ground-water quality.

. Other Site Assessment Experience. In addition to the previous described experieace, Mr. Schoeider has
participated other assessment projects as follows: Project Manager/Hydrogeologist, historical mining-related
sources heavy metals in the ground and shallow ground water, Butte, Montana; Technical Specialist, Twin Buttes
Mine/Mill groupd-water quality assessment, Arizona; Project Manager/Hydrogeologist, Butte West Camp
underground mine flooding assessment and control alternatives analysis, Montana; Solid Waste Specialist, PCB
transfonmer assessment for potential historic mine/mill site acquisitions, Colorado; assessed potentiai impacts
to ground water and provided expert testimony for approved Underground Injection Control permit application
for of sewage treatment plant effluent as an acceptable alternative to a point discharge to the prestine Snake
River, Wyoming.

Publications
Nuckolls, H.M., Yadon, D.M., and Schneider, E.J., 1991, Remediation of Micing Wastes, Silver Bow Creek/Butte Area

Superfand Site, Montana: presentation to the Irish Association for Economic Geology Course on Enviroanmentsl
Aspects of Explomation and Extraction.
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DOUGLAS M. YADON, P.E.
Associate Civil/Geotechnical Engineer

Academic Credentials
M.S., Civil (Geotechnical) Engineering, Stanford University, 1976
B.S., Geology and General Engineering, Oregon State University, 1974

Professional Licenses

Professional Civil Engineer: Colorado, Montana, Wyoming, Utah, California, Ohio;
Geologist/Engineering Geologist: Oregon, Idaho

OSHA Health/Safety Training for Hazardous Waste Operations - 24-hr Certification

Key Qualifications

. Mr. Yadon is a registered professional engineer and certified engineering geclogist with more than 21 years experience
in the fields of Civil, Environmental and Geotechnical Engineering, and Environmental Geology. He has applied his
academic training and professional experience to civil/environmeatal projects involving: surface and ground-water
development and remediation; petroleum refineries, pipelines and related facilities; metals mining, processing and refining
facilities; fossil fuel, geothermal and nuclear power plants; hazardous and non-hazardous waste sites; and military
facilities. Mr. Yadon's practice ranges from site assessments and investigations, to detailed analyses and designs of earth
structures and remediation measures, through preparation of plans and specifications and construction/remedial acticn
oversight, and includes short and long-term monitoring and data collection programs,

In addition to his technical capabilities, Mr. Yadon has developed a familiarity with various aspects of environmental and
related regulations inchuding CERCLA/SARA, NEPA/CEQA and RCRA. His experience in this regard includes directing
and/or assisting the development of work plans, quality assurance project plans (QAPP), field sampling plans (FSP),
Leboraiory testing plans (LTP), sito-specific safety and health plans (SHP), and related documents. Mr. Yadon has broad
experience interacting and/or negotiating with regulatory/oversight agencies, including EPA, U.S. Forest Service, Ohio
EPA, Montana Department of Health and Environmental Sciences, CalTrans and various California Counties including
Kern, Santa Barbara and Ventura (with regard to oil load/off-load and pipeline facilities), various State Engineers offices,
U.S. NRC and others,

Relevant Related Experience

. Rio Tinto Mine Site Assessment, Nevada. Mr. Yadon served as project manager and one of two lead
nvestigators for a confidential, non-intrusive environmentat site essessment in support of the client’s legal stasf
for this abandened mine site in Northern Nevada. The assessment included: review of historic data and reports,
aond topographic maps and aerial photographs relevant to the site; site reconnaisssnce; and meetings. A
memorandum was prepared presenting remedial design concepts addressing the issues raised by the Nevada
Department of Environmeatal Protection, including preliminary cost estimates. Also, a critical review was
performed of a conceptual remedial design prepared for previous owners of the site,

. Warm Springs Ponds Active and Inactive Operable Units, Butte/Silver Bow Creek CERCLA Site, Montana.
Mzr. Yadon served as Project Manager/Lead Designer on major multi-discipline remedial design/remedial action
at the world's largest Superfund site. This project included design-level field investigation, laboratory testing
and design of raising/ strengthening several miles of earth embankments to withstand the site Maximum Credible
Earthquake (MCE) and ope-half the Probable Maximum Flood. The site MCE was developed from evaluation
of pertinent available geclogic and seismologic data for the region. As part of the field investigations, several
hundred test pits and borings were completed, and over a hundred piezometers were instatled at the site. As
responsible engineer, Mr. Yadon directed final design and preparation of plans and specifications for more than
36 million dollars of remedial construction to date on the Warm Springs project. In addition to the RD/RA work,
the early stages of this project involved substantial site assessment and feasibility study elements.
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Allied-Signal Goldcamp Disposal Area Operable Unit, Ironton Coke CERCLA Site, Ohio. As ESA's overall
project manager, Mr. Yadon directed all geotechnical exploration, testing and remedial design elements of
remediation of an uncontrolled waste pit at the Ironton coke/tar plant. The primary contaminants at the site
include various organic compounds in volatile and DNAPL/LNAPL forms. Remediation elements inclucle
groundwater extraction and treatment, a soil-bentopite barrier wall and a RCRA-compliant composite
earth/synthetic liner with gas venting capability.

Lower Area One Expedited Response Action, Silver Bow Creek/Butte Area CERCLA Site, Montana. Mr.
Yadon served as ESA's internal Quality Assurance/ Quality Control Officer during design phases of the project.
He reviewed technical approaches and methodologies, Work Plans and Design Reports (including Technical
Specifications and Drawings) in terms of completeness, applicability and conformance o ARARs, Performance
Standards and other pertinent criteria and standands.

Old Works/East Anaconda Development Area Operable Unit, Anaconda Smelter CERCLA Site, Montanc.
Mr. Yadon provided design review of selected elements of the work, and on-site construction oversigh/
consultation during the remedial action phase of this project,

Rocky Mouni‘m’n Arsenal, Colorado (for corps of Engineers, pre-CERCLA). Mr. Yadon served as ESA's
Project Manager for the Liquid Waste Disposal Facility - Basin F, He planned and implemented site
investigation, including soils sampling and testing to characterize on-site borrow materials.

Tosco Refineries RCRA Compliance Project. Mr. Yadon directly perticipated in four RCRA compliance
projects for existing petroleum refineries at sites in California (2), Oklahoma and Arkansas. The projects
included detailed review of available site geologic, hydrogeologic and contaminant information; site
reconnaissance; site characterization, including hazardous and non-hazardous waste management facilities; and
development of RCRA-~compliant ground-water monitoring plans.

Various Crude Oil Pipeline EIS/EIR Projects. As geology/geotechnical discipline leader, Mr. Yadon bas
participated in several major PEA, EA and/or EIS/EIR efforts for proposed crude oil pipelines and associated
off-loading and other appurtenant facilities. These projects include: Celeron/All-American Pipeline, Californin
1o Texas; Getty-Gaviota Consolidated Coastal Facility, California; Angeles Pipeline, California; Pacific Pipeline
System, California; and Cave Creek Sour Gas Gathering System, Wyoming,

Gary Energy Refinery Conversion Project, Colorado. The Gary Energy refinery was to be converted from
coaventional oil refining (o refming of jet fuel from oil shale. As a key member of the project team, Mr. Yadon
participated in a detailed envirommnental assessment of this site located on the banks of the Colorado River. The
assesstnent mchuded thorough review of plant waste stream flow records as part of modeling ground-water flows
and potential impacts to the alluvial aquifer and the river.

Mt. Konocii Class H-1 Geothermal Waste Disposal Site Project, California, As project engineer/geologist,
Mr. Yadon performed a review of available geologic, hydrogeologic and topographic/geomorphic data, and &
field exploration and laboratory testing program as part of a detailed assessment of a proposed site in Lake
County, California. for disposal of geothermal drilling wastes.

Leviathan Mine AMD Control/Design Review, California. Mr. Yadon pacticipated in critical review of an
AMD control design prepared by others for this inactive mine in Northern California. In addition to evaluation
of engineering design concepts and details, he prepared an independent estimate of the construction cost of the
proposed control measures.

Master Environmerntal Assessment (MEA), Geysers-Celistoga Known Geothermal Resource Area, California.
As a lead mvestigator, Mr. Yadon was heavily involved in all aspects of this environmental assessment project
for the California Energy Commission. The project included acquisition and compilation of a vast amount of
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existing information on geologic, geomorphic, surface and ground-water aspects of the natural environment.
Given the available date and proposed peothermal drilling and power production actions, & detailed assessment
of potential eavironmental impacts was made, and appropriate mitigation measures developed for unavoidable
adverse impacts.

Publications

Jewell, Alan C., P.E., Yadon, Douglas M., P.E., Pierce, Steven J. and Patrick L. Redmond. 1994. Geotextile
reinforcement of wet-closure dikes over very soft tailings, in: Geosypthetics Case Studies Book for North
America; North American Geosynthetic Society and Canadian Geosyothetic Scciety Subcommittee on
Geosynthetics.

Hail, W.R., Marjerison. J.A., Stephensoan, S., and Yadon, D.M. 1995. Remediation of the Warm Springs Ponds
Complex, Montania. Society of Mining Engineers Annual Meeting,

Pierce, 8.J, Yadon, D.M., Miller, D.J, and Jewell, A.C. 1994. Geotechnical aspects of dam safety improvements for
water treatrnent detention ponds - Warm Springs Ponds Operable Unit, Mootana, USA, in: Tailings and Mine
Waste *94, Proceedings of the First International Conference on Tailings and Mine Waste *94, Fort Collins,
Colorado, USA, 19-21 January 1994,

Nuckolls, H.M., Yadon, D.M., and Schneider, E.J. 1991. Remedination of Mining Wastes, Silverr Bow Creek/Butte Area
Superfund Site, Moatana: presentation to the Inish Association for Economic Geology Course on Environmental
Aspects of Exploration and Extraction.

Yadon, D.M., Kuiken, J.G., and Miller, S. 1989. The breaching of Green Lakes No. 2, in: Colorado Water
Engineering and Management Conference, Colerado State University, February 27-23.

Yedon, D.M. 1986, Investigation of the Kennedy Gulch fault at Reynolds Park: in Contributions to Colorado Seismicity
and Tectonics - A 1986 Update; Colorado Geological Survey Special Publication 28, Deaver, Colorado.

Yadon, D.M. 1979. On academic training for engineering geologists: thoughts of a recent graduate: Geological Society
of America, Abstracts with Programs, panel presentation at 1979 Annuat Meeting, Saa Diego, California.

Yadon, D.M., and Wright, R.H. 1979. Evidence for recent fanlting in the Pleasanton area, California, jo Recent
deformation along the Hayward, Calaveras, and other fault zones, ¢astern San Francisco Bay region, California:
Geological Society of America, Field Trip Guidebook, 75th Annual Cordilleran Section Meeting, San Jose,
California,

Shelmon, R.J., Yadon, D.M. and Harding, R.C., 1979, Dating late Quaternary slip-surface displacement by soil-
stratigraphic techniques: Geological Society of America, Abstracts with Programs, 1979 Ancual Meeting, San.
Diego, California.

Wright, R.H., Harding, R.C. and Yadon, D.M., 1979, The Las Positas fault, Alameda County, California: an example
of subsidence and/or tensional tectonics: Geological Society of America, Abstracts with Programs, 75th Annual
Cordilleran Section Meeting, San Jose, California.
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WILLIAM R. KELLY, P.E.

Supervising Civil/Hyraulic Engineer

Academic Credentials
B.S. Civil Engineering, Colorado State University, 1970;
Health/Safety Training for Hazardous Waste Operations, OSHA 29 CFR 1910.120, 1950

Professional Licenses
Professional Engineer, Colorado, Wyoming and Montana

Key Qualifications

Mr. Kelly is a registered professional engineer with 23 years varied experience as an engineering consultant in the areas
of environmental and civil engineering. His responsibilities bave included project management, téchnical evaluation,
design, inspection, and construction contract administration. He has extensive experience in dealing with the EPA and
State Regulatory Agencies. Relevant technical experience has included field reconnaissance of existing facilities and
conditions, water quality assessment, data management, and evaluation, planning, design, construction and operation of
pollution cootrol facilities and remediation projects.

Relevant Related Experience

Warm Springs Ponds Operable Units, Sitver Bow Creek CERCLA site, Monlana. Supervising Engineer for
Hydraulics, Hydrology and Treatment Remedial Design. Served as resident engincer on major emergency
response removal action. Evaluated historic removal performance of existing Ponds treatment system and
predicted potential to achieve new performance standards after modifications. Designed new lime treatment
facilities to enable pH control of Ponds system for flows ranging from 20 cfs to 3,000 cfs. Performed hydraulic
modeling of Silver Bow Creek 70,000 cfs, 0.5 PMF, design storm for bypass around ponds and designed
hydraulic facilities to protect system, Developed approach to maintaining compliance with water quality
standards during flooding of tailings and implementation of new pond wet-closure facilities. Designed
treatability study, computerized environmental data collectior and monitoring systern, sedimentation control
facilities, new groundwater interception and pumping facilities, flow measurement facilities, and hydraulic
structures. Prepared Operations and Maintenance manual for facilities. Participated extensively with Client,
EPA aod State agencies in developing project criteria and obtaining approvals.

Rhone-Poulenc Basic Chemicals, Silver Bow Facility, Butte, Montana, Served as project manager and
engineer to evaluate existing lime feed facilities and pH control of air scrubber water discharge/plant water
recirculation. Evaluated suitability of existing lime slaker, ientified deficiencies in prior operations and
functional limitations m achieving satisfactory pH control of various process sources. INew system with proper
controls was designed to fit into existing limited space while maintaining critical 24-bour/7 day per week
operation.

Aero Space Facilities Environmental Audit, Denver, Colorado, Conducted Site inventory and assessment of
environmental risks for industrial pretreatment facilities. Evaluated process and performance of existing
facilities and proposed modifications. Identified and documented potential spills and associated risks of facilities
and various chemicals utilized throughout the site. Principal components removed at the site were volatile
organics and heavy metals.

Rocky Mountain Arsenal Basin F Investigations, Denver, Coloredo. Project Engine:r for study of chemical
solidification as an alternative for decontarnination of Basin F. Included process seleclion, preliminary design,
equipment selection, and preparation of estimates for capital and operation and maintenance costs. A separate
project involved preparation of specifications for pilot scale test buru incineration of Basin F contents.
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Summitville Superfund Site Assessment, Colorado. Reviewed selected technical documents and conducted site
reconnaissance at NPL site subject to severe acid mine drainage conditions for confidential client. Prepared
conceptual design and feasibility cost estimate for alternative remediation approach.

Manujacturing Site, Georgia. Prepared construction drawings for tank farm and chemical handling facilities
to remove phenol and formaldehyde from exhanst system. The project included a two stage packed tower using
sodium hydroxide and sedium bisulfite recirculation systems. Also prepared construction drawings for
formaldehyde chemical feed system supply to padders used in manufacture of transpission belts.

Industrial Wastewater Pretreatment Facliity for proposed sheepskin tannery, Montecello, Uiah. Completed
alternative investigations and preliminary design for Chrome Tan Facility processing 8000 skins per day. The
project included process calculations for pretreatment facilities, evaluation of impact on municipal facilities,
preliminary design layout, equipment selection and cost estimating. '
Wadter and Wastewater Treatment Facility Design Experience. Has been instrumental in the planning, design
and operation of over thirty treatment facilities, [Experience bas involved site evaluation for process suitability,
mchuding, as appropriate, site acquisition, flow monitoring including sampling and measurement, data review,
historic Ioading and performance evaluation, design capacity identification, treatment process evaluation and
selection, equipment evaluation, selection and layout, hydraulics calculations, site development including
wtilities, drainage, and access considerations, Facilities designed have included biological treatment,
physical/chemical treatment, and aliernative treatment techoologies such as land application,
infiltration/percolation systems, and groundwater recharge. Clients have included various municipalities, private
industry and the federal government (i.e., DOE at Itaho Falls, and Rocky Flats, and the Air Force at Colorado
Springs).
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STEPHEN G. LONG

EXPERIENCE ABSTRACT

Employed tor 17 years in the environmental field, 15 as a consultant with multi-disciplinary
responsibilities including service as corporate officer, project manager/strategist, revegetation
specialist, soil scientist, revegetation field supervisor/coordinator, wetlands specialist and
vegetation/wildlife field technician. Project management responsibilities have inciuded client/agency
liaison, project risk analysis, technical editing, personne! management, cosi conirol, and quality
assurance evaluation, Experience also includes mine inspection and personnel management.

Careor accomplishments include authorship of, or technical contribution to:
65 Revegetation Plans - 27 EIS/EA documents « 23 Bond/Construction Cost Estimates « 5
Revegetation Test Piot Programs « 12 Mine Permit Reviews/Revisions » 44 Wetland Projects » 21
Vegetation Surveys « 13 Soil Surveys + 12 Wildlife Surveys » 19 Property Transfer Evaluations <
Permit Strategy Development for Numerous Projects - 2 Revegetation Manuals ancl 8 Technical
Papers « Expert Witness Testimony and Lectures :

Types of projects have included:
Hard Rock Mines « Wetland Disturbances « Municipal Developments « Pipelines » Water Projects «
Coal Mines « Corridor Analyses « Gas and Synfuels Developments « Abandoned Mines « Power
Plants » Gravel and Borrow Pit Permits « Real Estate Projects and Other Private Land Holdings ¢ Golf
Courses

involved in over 1335 projects including work in:
Northem Great Plains « Rocky Mountains « Desen Southwest « Pacific Northwest « Imermountam
Region » Appalachia + Califomia - Alaska

TION AND T |

B. S., Wildlife Biology, Colorado State University - 1972

M. S., Regional Resource Planning/Soil Science-Reclamation, Colorado State University - 1977
Associale Wildlife Biologist - The Wildlife Society

Centified Soil Erosion and Sediment Control Specialist - ARCPACS

40-Hr, OSHA Centitication {OSHA Reg 29 CFR 1910.120)

Desert Tortoise Survey and Examination Techniques

Black-footed Ferret Survey Techniques- U. S, Fish and Wildlife Service

LOYM t

Cedar Creek Associates, Inc. - 1982 to Present
Environmental Research & Technology, Inc. - 1977 to 1982 (Presently ENSR)
Ohio Department of Natural Resources, Division of Reclamation - 1972 to 1974

REPRESENTATIVE _CLIENTS

Anaconda Copper Co. (NV) « Atlantic Richfield Co. (CO} « AT&T {(NV) «Chevron Shale Oil Co. (CO) » City
of Believue {OH) « City of Boulder (CO) « City of Fort Collins (CO) » Coateum Cormp. (W.V) « Consolidation
Coal Co. (ND} - Coteau Properties Co. (ND) - Diamond Shamrock Corp. (AK) * Eureka Energy Co. (UT) «
Exxon Minerals Co. {(NM) « Falkirk Mining Co. {(ND} « Freeport Gold Co. (NV) + Gefty Mining Co. {(CQ) «
Goldenbell Mining Corp. (CA) « Gulf States Energy Corp. (KY) » Hewlett-Packard Co.(CO)- Houston
Internationat Minerals Corp. (NV) + J & P Com. (WY} » Montco (MT) » Northwest Pipeline Corp. (CO) «
Northern Tier Pipeline Co. (MN, MT, NO, WA) « Peabody Coal Co. {MT) « Platte River Power Authority
(CO} « Retech (CO) « Rocky Mountain Energy Co. (WY} » Simons, Li & Associates, Inc. (CO, UT, WA,
Africa) « Sunedco (UT) - Texas Energy Services, Inc. (WY} « Town of Breckenridge (CC) + U. S. M. X.
(NV} « U. S. Congress {(Western U. S.) » U. S. Fish and Wildlife Service (Western U. S.} » U. S. Forest
Service (ID, MT, NV) « Utah Division of Oil, Gas and Mining (UT)
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Mr. Long's education and years of environmental and reguiatory compliance experience have facilitated
the development of specialized mutti-discipiinary skills for use on mining, wetland disturbance, urban
and water development, power plant construction, and corridor assessment/restoration projects. His
areas of expertise include permitting and project management, revegetation pianning, wetland
delineation and mitigation, soil science, and wildlife habitat restoration, among others.

PERMITTING AND PROJECT MANAGEMENT. Mr. Long has successfully managed,
coordinated, and overseen development of technical documents for projects varying widely in size,
scope, and objectives. Responsibilities have included project/permit strategy development, technical
editing, cost analysis, personnel scheduling, and quality control. He frequentty serves in a liaison
capacity between clients and regulatory agencies. In addition, Mr. Long has successfully reviewed,
edited, and revised sections of existing deficient permit applications and achieved subsequent
regulatory approval. In a refated capacity, Mr. Long completed 19 on-site property and permit
evaluations for private companies seeking to expand their holdings. He aiso has contributed to 27
NEPA documents for various permit documents. Examples of permitting projects in which he has
participated or managed, include various state and federa! coal mine and hard rock penmit applications,
CMLRD gravel mine applications, and Corps of Engineers Nationwide 26, PDN-286, and "Individual"
permit applications.

REVEGETATION. Mr, Long has completed revegetation and restoration plans for 65 disturbances
including those associated with surface and underground coal mines, hard rock mines, wetlands,
municipalities, water developments, abandoned mines, pipeline and power plant construction sites, and
synfuels exploration disturbances. These plans addressed a wide range of general objectives including
site stabilization, erosion control, reestablishment of tivestock grazing capacity, critical big game winter
range, and aesthetics as well as specific objectives such as wetland and riparian system restoration,
woody draw reconstruction, and moose and pronghom antelope habitat enhancement. Typical plans
inctlude a soil handling program with soil mass balancing, site prepacation details, fedtilizer application
recommeandations, planting procedures, site-specific planting mixtures, soil stabilization specifications,
and maintenance recommendations as well as bond/construction cost estimates. In addition, Mr. Long
has been involved in the design and implementation of five revegetation test plot projects completed to
determine the effects of slope, aspect, seeding and planting methods, species selection, seedbed
material type, and time of seeding on revegetation success potential. He has coordinated and
personailly implemented revegetation and erosion control programs in the fieid and served as a
revegetation inspector in Chic with responsibility over 61 active mine operations. Mr. Long has served
as an expert witness on the subject of revegetation for two hearings. He has authored two revegetation
manuals, Characteistics of Plants Used in Western Reclamation and Handbook of Revegetation
Technigues, which have received wide academic, regulatory, and industry distribution throughout North
America.

SOIL SCIENCE. Mr. Long has participated on 13 Order 2 and Order 3 soil survey projects designed
to characterize soil properties and develop soil handling plans. He has completed numerous field
sampling projects designed to assess seedbed material growth potential capabilities, soil microbial
poputations, soit fertility conditions, and toxic constituent levels. tn addition, Mr. Long has evaluated a
wide range of soil mapping and taboratory data culminating in his authorship of several soil technical
reports for EIS, EA, pipeiine comidor, and mine permit documents.

WETLAND BIOLOGY, RANGE SCIENCE, and WILDLIFE. Mr. Long has completed 44
wetland mapping, permitting, and/or restoration projects in the west, responsive to COE. state and local
regulfations. He has been involved in 21 vegetation surveys responsive to various permitting
requirements. Vegetation experience includes measurement of plant density, canopy cover, diversity,
and current annual production as well as specific surveys for T&E species. Wildlife experience includes
participation in aerial or terrestrial surveys for muie deer, antelope, mountain goats, black-footed fersets,
goshawks, determination of big game distributions, and preparation of wildlife report sections. He also
has experience in desert tortoise monitoring (450 field hours) for construction projects.
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Fullerton, W.T. and S.G. Long. 1989. Wetiang creation in a river valley disturbed by dredge boat mining.
pD. 297-306. In; Fisk, D.W. (Ed.). Wetlands: Concerns and Successes (Symposium Proceedings).
Tampa, Florida. American Water Resources Association. Bethesda, Maryland.

Long, S. G. 1978 (first edition). 1980 {second edition}. Characteristics of plants used in westarn
reclamation. Environmental Research & Technology, inc., Fort Collins, Colorado. 138 pp.

Long, S. G. 1982. Analysis of geotextiles and their potential use in cut-and-fill revegetation. U. S. Forest
Service, Missouia, Montana.

Long, S. G. 1985. A seeding technique to enhance species diversity. pp. 279-282. In: Williams, D. and
8. E. Fisher, Jr. (Co-chairmen). Second Annual Meeting: American Society for Surface Mining and
Reclamation. Denver, Colorado. .

+

Long, S. G. and S. L. Ellis. 1984. Revegetation guidetine devetopment for pipeline rights-of-way. pp.
233-244. In: Crabtree, A. F. {Ed.}). Proceedings of the Third International Symposium on
Environmental Concerns in Rights-of-Way Management, San Diego, California. Mississippi State
University, Mississippi.

Long, S. G.and S, L. Eillis. 1987. Results of woody species test plots established on a mine exploration
site in Alaska. pp. 245-258. In: Schuster, M. A. and R. A. Zuck {Eds.). Proceedings: High Altitude
Revegetation Workshop No. 7. Colorado State University, Fort Collins, Colorado.

Long, S. G., J. K. Burrelt, N, Laurenson, and J. H. Nyenhuis. 1984, Handbook of revegetation
techniques (cut-and-fill slopes, mined lands, watershed projects, range improvements). U. S. Forest
Service. Missoula, Montana, 145 pp.

Lynch, D. L. and 8. G. Long. 1977. A management plan for the McGregor Ranch (Estes Park, Colorado).
Colorado State University, Fort Colling, Colorado. 46 pp.

Phelan, T. M., S. R. Viert, and S. G. Long. 1986. Wildlife technologies for westem surface coal mining.
pp. Office of Technology Assessment, U. S. Congress, Washington, D. C. 183 pp.+ appendices.

Contributing Author to:

Moore, R., and T. Mills. 1977. An environmental guide to western surface mining, part two: impacts,
mitigation, and monitoring. Western Energy and Langd Use Team, U. S. Fish and Wildiife Service
Publication FWS/OBS - 78/04, Misc. pagings.

Numerous technical discipline reports conceming revegetation, wetiands, soil science, vegetation, and
other environmental topics
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Employed as an environmental consultant since 1977. Responsibilities include service as corporate
officer, project manager, permitting specialist, range ecologist, and wildlife biologist. Project management
activities include interdisciplinary coordination, subcontractor supervision, client/agency liaison, cost
control, critical path scheduling, overall planning, and quality assurance.

Career accomplishments include authorship of, or technical contribution to:

43 NEPA Documents * 21 Permit Evaluation/Audits/Revisions ®* Strategy Development, Agency
Liaison, Permit Preparation for Numerous Projects ® 71 Vegetation Baseline/Community Mapping
Studies ®* 66 Vegetation Impact Assessments ® 37 Wetland Evaluations ¢ 32 Revegetation
Success/Bond Release Determinations ® 51 Wildlife Baseline/Habitat Studies *. 46 Wildlife Impact
Assessments/Mitigation Plans * Threatened and Endangered Species Evaluations (37 flora, 35 fauna)
¢ 15 Land Use Evaluations/Reviews * 4 Alluvial Valley Floor Assessments * State-of-the-Art Riparian
Investigations & Expert Witness Testimony ® Management of 2 Complete Coal Mine Pemmit Applications

Types of projects have included:
Hard Rock Mines * Coal Mines + Litigation Support « Wetland Evaluations/Enhancement « Riparian
Assessments « Corridor Analyses + Water Developments » Synfuels Projects « Abandoned Mines +
Power and Other Industrial Plants « Superfund Remedial Investigations

involved with 17 0 projects including work in:
Desert Southwest » Northern and Central Great Plains + Rocky Mountains » Pacific Northwest «
Intermountain Region « West Coast « Midwest + Alaska

EDUCAT! ND RT ATION

B. S., Wildlife Management, University of Michigan, 1974

M. S., Range Ecology, Colorado State University, 1975

M. B. A, Finance/Land Use Management, Colorado State University, 1982
Certified Wildlife Biologist - The Wildlife Society
Certified in Habitat Evaluation Procedures (HEP) - U. S. Fish and Wildlife Service
Black-footed Ferret Survey Techniques - U. S. Fish and Wildlife Service
Desert Tortoise Survey and Examination Techniques

EMPLOYMENT HISTORY

R

Cedar Creek Associates, Inc. - 1982 o Present
Environmental Research & Technology, Inc. - 1977 to 1982 (presently ENSR Corporation)
Colorado Division of Wildiife - 1974 to 1975

E TATIV IENTS

ATE&T (CA,.NV) » BHP-Utah intemational inc. (UT) « Chevron Shale Gil Co. (CO) » Cities of Boulder,
Breckenridge, Fort Collins, Loveland, and Pueblo (CQ) « Colorado Attorney General + Diamond
Shamrack Corp. (AK) ¢ El Paso Natural Gas Co. (NM) ¢ Energy Fuels Co. {CO} » Exxon Minerals Co. (NM)
+ Falkirk Mining Co. (ND) + FMC Gold Corp. (ID, MT, NV, WY} « Freeport Gold Co. (NV) + Getty Mining Co.
{CO) « Homestake Mining Co. (NV) « Inspiration Mining Co. (NV) » Kern River Gas Trans. Co (WY) »
Meridian Land & Minerals Co. (MT, CO, NV, SD} » North American Coal Co. (ND) + Office of Technology
Assessment, U.S. Congress (Western U.S\) » Pacific Gas and Electric Co. (UT) » Peabody Coal Co. (AZ,
CO, WY) » Platte River Power Authority (CO} « Rocky Mountain Energy Co. (WY) » Simons, Li &
Associates, Inc. (CO, UT, WA, Africa) » Sunedco Coal Co. (UT) « BLM(AZ, UT, NV} « USFS (ID, MT, NV) -
U.S. Sprint {CA,ND) « Utah DOGM {UT} « Westem Energy Co. (MT} + W.R. Grace Co. (UT) » WIDCO (WA)
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Mr. Viert's education and several years of environmental and regulatory compliance experience have
facilitated development of specialized multi-disciplinary skills for projects in mining, industrial and urban
tand development or rehabilitation, corridor assessment, wetland evaluationfrestoration, and watar
development. Areas of expertise include permitting and project management, vegetation and range
ecology, wildlife / habitat ecology, bond release evaluations, and land use classification/evaluation.

PERMITTING AND PROJECT MANAGEMENT. Mr. Viert has been actively involved in all phases
of permit application development from feasibility analyses to the assessment of reclamation success for
the release of bonds. Permitting and management responsibilities have included overall permit
preparation, strategy formulation, client/agency liaison, regulatory compliance evaluation, subcontractor
supervision, critical path scheduling, cost control, quality assurance, and technical document editing for a
variety of projects. Pemitting projects have ranged from small 404 applications to large NEPA compliance
efforts. Of particular note are two large management efforts leading to the successful acquisition of
SMCRA permits for a 12.5 million TPY coal mine in the Powder River Basin of Wyoming and a 5 million TPY
underground coal mine in the Book Cliffs of Utah. Mr. Viert's permitting experience and related
interactions with regulatory agencies for development projects and associated permit application
submittals have provided him with a working knowledge of the policies and regulations of several state and
federal agencies such as OSMRE, COE, NRC, FERC, BLM, USFS, USFWS, CMLRD, WDEQ, UDOGM,
NDPSC, NM-MMD, NDEP., among others. Mr. Viert's project management experience has been gained
on projects ranging from single discipline evaluations (e.g., wetlands) to large multi-disciplinary efforls
(including engineering, legal, environmental, and reclamation) for mining and other development projects.

VEGETATION/RANGE ECOLOGY. Mr. Viert has completed over 30 vegetation studies and
assessments for a wide range of projects including litigation (riparian issues between the state of Colorado
and the USFS), surface and underground coal mines, hard rock mines, synfuel developments, corridar
assessments for power and communication lines, pipelines and transportation arterials, water
developments, abandoned mines, and municipal developments. Study components of these projects
have included: floral measurements (cover, density, production, etc.), statistical design and analyses,
community mapping, impact assessment and mitigation planning, determination of general rang2
condition and community dynamics, evaluation of livestock carrying capacity and management, forest
measurement, and development of revegetation success standards and bond release criteria. [n addition,
he has evaluated sensitive issues such as wetlands and threatened and endangered species. He also
has assisted in the development of several revegetation planning efforts and, as discussed below,
designed and implemented a number studies for post-revegetation monitoring to determine revegetation
success for bond release. In 1977, Mr. Viert pioneered the development and use of the Optical Point Bar,
a new instrument for economically and precisely measuring ground cover which is used in most analyses
of vegetation.

RECLAMATION SUCCESS AND BOND RELEASE DETERMINATIONS. In this specialized
field, Mr. Viert has been very actively involved in state-of-the-art design and implementation of site-specific
technical studies for a large number of mining companies, especially coal. These studies are designed to
be the most potentially successful, defensibie, practical, and economical methods of analyses to facilitate
the release of bond monies. Mr, Viert has successfully negotiated with State and Federal Agencies for
both the implementation of such designs as well as aided negotiations for the eventual release of bonds.

WILDLIFE BIOLOGY. Inthis field, Mr. Viert has been actively involved in over 60 wildlife studies and
impact assessments for various mines and land developments. Technical capabilities in this field include
habitat evaluation and mapping, large mammal population studies, upland game animal surveys, general
baseline measurement, sensitive and threatened or endangered species evaluations {especially for black-
footed ferret and desert tortoise (over 1600 hours of survey/monitoring}j, impact assessment, state-of-
the-art mitigation planning, and aquatic sampling.

OTHER technical capabilities include land use assessment and classification, alluvial valley flooy
evaluation, and farm/ranch economic assessment.
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PUBLICATIONS

Viert, $. R, 1989, Design of restoration methods to encourage fauna. In: J. (3. Majer, PhD (Ed.).
Animals in primary succession - the role of fauna in reclaimed Jand. Cambrigge University Press,
tondon, England.

Viert, S. R. 1985. A new instrument for measuring ground cover based on the point-hit technique - the
optical point bar. Proceedings of the 1985 Annual Meeting of the American Society for Surface
Mining and Reclamation, Denver, Colorado, October 8-10. 4 pp.

Phelan, T. M. and S. R. Viert. 1986. Prairie dog and black-footed ferret surveys in northeast and east-
central Utah. Cedar Creek Associates, Inc. 31 pp. + appendices.

Phefan, T. M., S. R. Viert, and S. G. Long. 1986. Wildlife technologies for western surface coal mining.
Office of Technology Assessment, U. S. Congress, Washington, D. C. 183 pp. + appendices.

Numerous technical discipline reports concerning vegetation, range ecology, wetlands, wildlife, and
other environmental topics
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GAST, THOMAS E.
ENVIRONMENTAL MANAGEMENT SERVICES COMPANY (1981 - Present)

As a principal of the firm, Mr. Gast has responsibility for all phases of multidisciplinary
programs as project manager. He has authored or co-authored over 30 NEPA documents
for projects located on BLM, Forest Service and Parks Service lands. Mr. Gast has
extensive knowledge of and has prepared and defended Federal, State and local permits
for mining projects throughout the west. His permitting experience includes surface and
underground mines, cyanidation, flotation, and gravity separation mills, precious metals
refining processes, and various industrial mineral mines, mills and quarries. Mr. Gast has
conducted over 100 due diligence and preacquisition studies.

TRC ENVIRONMENTAL CONSULTANTS, INC. (1979-1981)

As a senior minerals project manager in the Denver, Colorado office, Mr. Gast had
responsibility for project design; study execution; permit development and negotiation,
agency and client interaction and costs and schedules.

ENVIRONMENTAL RESEARCH AND TECHNOLOGY, INC, (1977 - 1979)

Mr. Gast was operations manager for the Fort Collins Technical Center of ERT and was
line manager for 75 professionals of various disciplines located in four regions of the U.S.

AMERSHAM/SEARLE CORPORATION (1970 - 1977)
Mr. Gast was a project manager for this division of the U.K. Atomic Energy Authority.
PROJECT EXPERIENCE —

Project Manager. Technical review of remedial investigations and feasibility studies
conducted by EPA's contractor for a Superfund mining site located in Rio Grande
County, Colorado. Responsible for review of all aspects of EPA's action, preparation of
comment letters, and strategy development for one of the defined Potential Responsible
Parties (PRPs). Summitville Mine Site - for Confidential Client.

Project Manager. Environmental review; permits preparation and defense in support of
this major underground exploration mine located within five miles of Vail, Colorado.
Colorado and Eagle County prospecting and mining permits and state air and water
quality permits were prepared. This project was the first underground exploration project
permitted under the Prospecting Regulations in Colorado and approval required Board
review and concurrence. Following exploration, final reclamation and bond release was
negotiated. The reclaimed site won the Governor's Award due to innovative slope
stabilization techniques. Gold Fields Mining Corporation - Red Cliff Project.
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Project Manager. Responsible for pre-acquisition due diligence studies of this historically
important silver-base metal mine located near Ouray, Colorado. Permits prepared to date
include a Construction Dewatering Permit to allow underground access for drainage
tunnel repair, an NPDES Permit for 1,500 gpm mine drainage and Reclamation Permit
maintenance. Sunshine Mining and Refining Company - Revenue-Virginius Project.

Project Manager. Technical review of remedial investigations and feasibility studies
conducted by EPA's contractor for a Superfund mining site located in Eagle County,
Colorado. Responsible for review of all aspects of EPA's action. Eagle Mine Site - for
Confidential Client.

Project Manager. Technical review of remedial investigations and feasibility studies
conducted by contractors for a mining site subject to Natural Resource Damages located
in southwest Colorado. /darado Mine Site - for Confidential Client.

Project Manager. Responsible for pre-acquisition due diligence studies of this gold
exploration project located near Ouray, Colorado. Since the gold is found with massive
pyrite in the Pony Express beds, the 110 Mining Permit application was prepared in
accordance with the recent Colorado Designated Mining Operation (DMO) regulations as
administered by Colorado Division of Minerals and Geology and Department of Health,
Sunshine Mining and Refining Company - Ouray Gold Project.

Project Manager. Environmental reconnaissance studies, permits preparation, compliance,
reclamation and bond retrieval for diamond exploration program. Multiple exploration
sites were permitied in Colorado, Wyoming and Arkansas. The Superior Qil Company,
Minerals Division - Diamond Exploration Program.

Project Manager. Responsible for baseline studies and primary author of joint
BLM/NDEP mining and reclamation permits and BLM extensive EA for this 12-year,
1,500 tonne per day major expansion of this existing open-pit mine. Because of the
project's close proximity to Death Valley National Monument and the historically
important Ryolite site, major issues addressed in the EA included ground-water, blasting
and the effects on Beatty of phasing out 100 surface miners and replacing them with 100
underground miners. Lac Minerals, Inc. - Bullfrog North Underground Expansion.

Project Manager. Responsible for conducting due diligence survey of Canyon Resources
mines and advanced stage exploration projects. The work included permit and compliance
review, reclamation plan review and environmental cash flow estimation from the time of
the study through closure, reclamation and bond release. The properties included the
Kendall, 7-Up Pete, and McDonald Meadows in Montana, Beartrack in Idaho, and Briggs
in California. Watts, Griffis and McQuat Limited for confidential client.
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Project Manager. Responsible for joint NDEP/Forest Service Reclamation Plans for these
underground and surface mines, and processing facilities. The project included review of
all outstanding permits and approved plans dating to 1978, development of a Reclamation
Plan consistent with the new regulations and reclamation cost estimating. Marshall Earth
Resonrces Inc. - Jone and Berlin Projects.

Project Manager. Responsible for all baseline studies, permit application preparation and
co-author of the BLM EA for this 2,000 ton per day open-pit, heap leach gold mine
located in central Nevada. Corona Gold inc. - Sama Fe Mine.

Project Manager. Environmental reconnaissance; baseline studies; permits preparation and
testimony for an open-pit gold mine, 3,000 tons per day autoclave pretreatment and
cyanide mill and tailings disposal system. Responsible for permit preparation for BLM and
Utah mining regulations, EPA and Utah water discharge regulations; EPA and Utah air
regulations; BLM environmental assessment, as well as potable water, sanitary and solid
waste permits. Getty Minerals Resources Company - Mercur Canyon Project.

Project Manager. Environmental reconnaissance; baseline studies; permits preparation and
defense and subsequent permit modifications as required by operating conditions
encountered for a major Nevada underground precious metal mine and cyanide mill.
Responsible for all permits preparation, including BLM 3809 permit and NEPA analysis,
Nevada air, solid waste and surface and ground-water discharge permits. Swnshine
Mining Company - 16-to-1 Mine, :

Project Manager. Responsible for conducting due diligence project and permits review for
this major underground copper-silver project located within and adjacent to the Cabinet
Mountains Wilderness. The work included permit and compliance review, reclamation
plan review and environmental cash flow estimation from the time of the study through
closure, reclamation and bond release. Waits, Griffis and McQuat Limited jor
confidential client.

EDUCATION AND PROFESSIONAL EXPERIENCE

Northern Illinois University - B.S. in Accounting and Finance
Universtty of Idaho, School of Mines - Design of Small Scale Gold
and Silver Mines and Mills (Shortcourse)

University of Nevada, Mackay School of Mines - Fundamentals of Mining { Shortcourse)

Faculty Member for Colorado School of Mines Short courses:
“Introduction to Gold and Silver for Miners, Prospectors and [nvestors”
and “Gold and Silver for Experienced Miners, Prospeciors, Processors
and Investors"”.
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LESLIE C. THOMPSON
Vice President - Research and Development

Purdue University Biology
" OSHA 40 Hour HAZWOPER Certification . -

University of Colorado instrumental analysis, statistics, genetics
American Chemical Society Geochemistry of Groundwiter - 40 hour
Society of Mining Engineers . Cyanide in the Environment - 24 hc’n.'ur

American Type Culture Collection Freezing and Freeze-Drying of Microorganisms - 24 hr
American Type Culture Collection Biotechnology Patent Workshops - 48 hour
University of Delaware Bacteria Identification - 40 hour
ASSMR-SRK/MUSFS Evaluation and Remediation of Acid Rock Drainage
ASSMR-Coloradoe Schoof of Mines Wetland Design for Mining Operations Short Course
Armerican Type Culture Collection Management of Cell Culture Collections-24 hour
Language Proficiency French, German, Russian
U.S EPA Risk Reduction & Engineering Invited Panelist/industry Leader for Symposium on Industrial F'
Laboratory, Cinncinati Application of Sulfate Reduciﬂg Bacteria

Ms. Thompson is a member of the American Chemical Society, the Society of Mining Engineers, the Metallurgical

Society, the Society of Industrial Microbiologists, the Mining and Metallurgical Society of America, the Northwest
Mining Association and the Society of Mineral Analysts.

Experience

Specialized in the development of innovative bioremediation processes for industrial and mining waste, Experience
includes design and management of laboratory, field and research operations for process development, Background in
project design, management, environmental assessment, cost engineering and bioremediation services/process research
and development.

1991-Present Pintail Systems, Inc.
Vice President - Research & Development

Responsible for overall management of eavironmental research program, development of bioremediation services,
oversight of field engineering, proposal development, and technical presentationfreport preparation. Developed field
bioremediation processes for cyanide detoxification in mine waste including ore, tailings and process solutions.
Demonstrated development and application of bioremediation processes for control of acid rock drainage, heavy metal
wastes, nitrates, complexed metal cyanides and petroleum hydrocarbons. Designed and enginzered field remediation
processes inchuding bioculture production, application, in Situ remediation, nutrient formulation and packaging and field
analytical support. Successful field remediation processes include detoxification of more than 5 milliop tons of
contaminated spent ore at gold mines in the western U.S.



1981-1991 Gold Fields Mining Corporation
Microbiologist/Chemist

Responsible for design and construction of multiple assay Jaboratories, developmeant of instrumental analysis support for
gold exploration operations, and development of biogeochemical precious metal exploration programs. Integrated the first
industry application of biogeochemical/geomicrobial field exploration and remote sensing exploration technology.
Designed and directed geomicrobial research for sulfide and refractory ore processing and cyanide/nitrate remediation,
Engineered and managed field tests of bioremediation processes for mine waste decontamination including detoxification
of cyanide and nitrate in spett ore, tailings, waste rock, contaminated soil and groundwater. Project management included
engincening design, monitoring well installation, bacteria production, soil sampling, construction, process application and
site management,

1974-1981 Shell Chemical Company
Laboratory Shift Leader

Respoosibilities included routine analytical support for manufacturing operations and environmental menitoring for
pesticide manufacturing operation. Job functions consisted of development of instrumental analytical methods for
mamfacturing infermediates, mw materials, final products and soil, surface and groundwater snmplep. Responsible for
supervision of 2-6 laboratory technicians or plant operators. Analytical specialization and expertise included Ges
Chromatography, Infrared Spectroscopy, High Performace Liquid Chromatography, Differentis] Scanning Calorimetry,
Thia Layer Chromatography, Atomic Absorption Spectrophotometry, gravimetric, titrimetric, distillation, extraction and
process control analysis. Closely involved with research and development of pyrethroid generation of pesticides.
Provided analytical support for environmental assessment and remediation.

Ms Thompson has tanght several short courses and workshops on biotreatment processes, hazardous waste managemenr,
acid rock drainage evaluation and remediation, and biohydrometallurgy. Ms Thompson has authored or coauthored more
than thirty publications of bioremediation technology.



\@®

Planera



BERNHARD E. STROM
Planera, Inc.
525 Spring Canyon Court
Fort Collins, Colorado 80525

PROFESSIONAL HISTORY

Planera, Inc.

ENSR Consulting and Engineering Corporation
Harvard Graduate School of Design

Colorado Springs City Planning Department

EDUCATION

M.C.R.P. (City and Regional Planning) Harvard University
B.S. (Urban Planning) Iowa State University

PROFESSIONAL AFFILIATIONS

American Planning Association

Urban Land Institute

Fort Collins, Colorado, Planning and Zoning Board
Former Colorado State Representative

TECHNICAL SPECIALTIES

Mr. Strom has 20 years of experience in:

Socioceconomic Impact Assessment

Transportation Studies

Comprehensive Community Planning, Land Use Planning and Regulation
Visual Resource Assessment

Industrial Site Selection

Community Noise Studies

* O R X

REPRESENTATIVE PROJECT EXPERIENCE

*

City of Fort Collins - Rockwell Dam and Water Supply Project. Fluman Resources
discipline manager for a preliminary EA and scoping document for the proposed Rockwell
Dam. Wild and Scenic River and wilderness issues were key project concerns.

U.S. Army COE - Spinney Mountain Reservoir EIS. Prepared EIS sections dealing with
human environment issues for proposed dam and reservoir project in central Colorado.



@

Bernard E. Strom

Forest Service - Homestake II Water Diversion EIS. The proposed project entatled
expansion of a transmountain water diversion project in the Holy Cross Wildemess in
central Colorado.

Colorado-Ute Electric Association - Basalt-Carbondale Transmission Line. Conducted
analysis of visual, land use, and socioeconomic effects of the proposed transmission line
in western Colorado's Roaring Fork Valley.

Forest Service and Carlota Copper Company - Carlota Copper Project EIS. Discipline
manager for noise and transportation studies for a third-party EIS evaluating the proposed
development of an open pit copper mine project near Globe, Arizona. Key issue include
high sensitivity to potential noise emissions because of proximity to both a small residential
community and the Superstition Wilderness.

BLM and Round Mountain Gold Corp. - Round Mountain Mine EIS. Discipline
manager for visual resources and noise analysis for a third-party EIS addressing the effects
of proposed modifications and a new mill at one of the world's largest heap leach gold
mines. Computer assisted visual simulations were prepared to document previously
approved, but not yet completed, expansion projects in addition to evaluating the likely
effects of the current proposal. The historic mine had been incrementally expanded
through a series of EA's; the latest proposal triggered a full EIS analysis.

Idaho Panhandle National Forests - Katka Peak EIS. Discipline manager for visual
resources, recreation, and roadless areas studies for an EIS analyzing the effects of a
timber sale near Bonners Ferry, Idaho. A broad range of alternatives was studied to
determine whether Forest Plan timber production goals could be achieved without
sacrificing other resources, including a substantial roadless area, grizzly bear security
habitat, and the popular Kootenai River rafting and canoeing opportunities. Visual
simulations were prepared to help evaluate the scenic effects of timber production from a
highly visible mountain face overlooking Bonners Ferry and popular tourist routes to
Canada.

BLM and Atlas Minerals Corp. - Grassy Mountain Project EIS. Discipline manager and
principal investigator for human resources studies addressing socioeconomics,
transportation, visual resources, recreation, and land use issues for a third party EIS
assessing development of an open pit gold mine near Vale, Oregon. The proposed mine
and associated road and transmission line corridors raised numerous social, economic and
safety concerns, because of the location in an area with no recent experience with large
scale mining. Key issues include boom-bust effects and risks from transport of hazardous
chemicals on rural roads.
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* BLM and Barrick Goldstrike Mines, Inc. - Betze Project EIS. Discipline Manager for
noise, transportation, and visual resources studies for third party EIS addressing a major
expansion of existing mining activity on the Carlin trend in Eureka County, Nevada. Key
issues ranged from evaluation of appropriate visual mitigation strategies for existing and
future disturbance in a remote area to consideration of cumulative traffic effects in Elko.

* Southern Pacific Transportation Co. - Pacific Pipeline System. Discipline manager for
transportation, community noise, and socioeconomics studies for proponent's
environmental assessment prepared for submittal to the Califonia Public Utilities
Commission. The proposed project is a common carrier pipeline designed to transport
crude oil from the Gaviota area of Santa Barbara County to refineries in El Segundo and
Long Beach. The project proposes to use Southemn Pacific Railroad right of way for most
of the route. Key issue include construction effects on traffic capacity of major urban
thoroughfares, construction noise effects on residential neighborhoods and potential for
growth inducement in the Los Angeles basin.

* Forest Service and Westrmont Mining, Inc. - Mt. Hamilton Project. Human resources
discipline manager. Prepared a socioeconomic, transportation, and recreation impact
assessment pursuant to a Forest Service Environmental Assessment. for a proposed gold
mine and processing facility on the Humboldt National Forest near Ely, Nevada. Key
issues included availability and condition of worker housing and cumulative socioeconomic
effects from a resurgence of mining in the area concurrent with construction of a new state
prison. Effects on Native American communities in the vicinity were also investigated.

* BLM and Molycorp, Inc. - Guadalupe Mountain Toilings Disposal Facility. Visual
resources and noise task manager for a third-party EIS for a proposed 200-million ton
tailings disposal facility near Questa, New Mexico. Visual and noise issues were
particularly sensitive because of the project's proximity to the Rio Grande Wild and Scenic
River and associated campground and recreation facilities.

* Forest Service, Plumas Co. & Inca Minerals Corp. - Rich Gulch Gold Mine EA/EIR.
Managed human environment disciplines for preliminary studies leading to a third-party
Joint Environmental Document fulfilling the requirements of a Forest Service EA and a
California State EIR on the proposed gold mine project. Important issues were
transportation safety, employment, community noise, and aesthetic effects of the proposed
surface mine in the Feather River Canyon country of northern California.

* Forest Service - Great Northern Mountain Ski Development. Human resources discipline
manager for development of work scopes for a Forest Service EIS including
socioeconomic, transportation, land use, visual resources, and recreation studies.
Proposed project was the Great Northern Mountain Ski Development and base area
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residential facilities near Libby, Montana. Key issues included economic feasibility,
grizzly bear and other wildlife habitat, and transportation.

BLM and Bond Gold Bullfrog, Inc. - Bullfrog North Underground Expansion Project.
Human resources discipline manager and principal investigator. Prepared analysis for a
technical memorandum and relevant sections of a third party EA addressing
socioeconomic, transportation, visual effects, cultural resources, and noise and vibration
issues for a proposed underground expansion to an existing surface gold mine and milling
operation. Project is located just east of Death Valley National Monument near Beatty,
Nevada. Key visual concerns stemmed from proximity to the National Monument and
National Register eligible ghost town of Rhyolite.

BLM and Gold Fields Mining Company - Mule Canyon Mine Project EA/EIS,
Transportation and socioeconomics discipline manager for a third-party BLM EA/EIS for
a proposed gold mine near Battle Mountain Nevada. Project will include a surface mine,
ore crushing, heap leach pads, gold extraction, and refining.

ECOS Corp. - TSD Site Selection Project. Project manager for development and
implementation of a site selection methodology for a full service commercial hazardous
waste incinerator and landfill facility. Developed site criteria and employed environmentzl
constraint mapping in progressively more detailed stages, beginning with the entire state
of Washington and ultimately focusing on a select group of individual sites.

BLM and FMC Gold Company - County Line Project EA. Human resources discipline
manager and principal author of technical report and relevant EA sections addressing
socioeconomic, transportation, land use, and recreation issues for proposed gold mine in
Mineral and Nye Counties, Nevada. Key issues were housing availability for workers in
Gabbs and Hawthome and cumulative effects related to mining development and mission
changes at the Hawthorne Army Ammunition Plant.

BLM and Bond Gold Bullfrog, Inc. - Bullfrog/Montgomery Shoshone Project,
Transportation, visual resources, and noise discipline manager for third-party BLM EA for
proposed gold mine, mill, and heap leach operation. Project is located just east of Death
Valley National Monument near Beatty, Nevada. Key visual concirns stemmed from
proximity to the National Monument and the ghost town of Rhyolite.

City of Fort Collins - Rockwell Dam and Water Supply Project. Human Resources
discipline manager for a preliminary EA and scoping document for the proposed Rockwell
Dam. Wild and Scenic River and wilderness issues were key project concemns.

Forest Service - Homestake Il Water Diversion EIS. Prepared EIS sections addressing
socioeconomic effects drawing on a subcontractor's technical report. The proposed project



@

Page 5 Bernard E. Strom

entailed expansion of a transmountain water diversion project in the Holy Cross
Wilderness in central Colorado.

* Chevron Shale Oil Co. - Clear Creek Shale Project. Served as a consultant to the client
on the quality and extent of human environment baseline studies required pursuant to
Colorado State permits and preparation of a federal EIS. Also managed and prepared
selected land use, visual resources, and recreation studies for baseline studies and permit
applications.

* BLM and Superior Oil Co. -~ Land Exchange and Oil Shale EIS. Prepared land use,
transportation, and selected socioeconomic components of a Draft EIS on proposed land
exchange in the northern reaches off the Piceance Basin of Colorado.
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MICHAEL V. RUBY
Senior Environmental Chemist

Experience Summary

Mr. Michael Ruby has moze than 10 years of expe-
rience in environmental chemistry and geochemis-
try, and in recent years has integrated geochemical
analyses into specialized studies of transport, bio-
availability, and source determination of lead,
arsenic, cadmium, chromium, and zinc, especially
originating from mining, milling, and smelting
sites. Mr. Ruby has directed multi-disciplinary
projects with emphasis in soil, sediment, and water
quality issues, generally driven by human health
risk assessment concerns. He has considerable
experience in developing and implementing RI/FSs
for sites with inorganic contamination of surface
water and groundwater, soil, 2ir, and sediments,
and in designing and evaluating remedial strategies
for such sites. Mr. Ruby has also provided tech-
nical support to litigation teams evaluating the
sources and bioavailability of lead forms and appor-
tioning lead sources in urban environments. In
addition, Mr. Ruby was responsible for the design
and construction of the PTI Boulder laboratory and
continues to oversee its day-to-day operation.

Credentials

M.S., Physical Chemistry - Stanford University
(1988)

B.A., Chemistry - University of California, San
Diego (1984)

Hazardous Waste Operations and Emergency
Response 40-hour training program; Hazardous
Waste Operations Management and Supervisor
8-hour training program; American Chemical Soci-
ety; Society for Environmental Geochemistry and
Health; Society of Environmental Toxicology and
Chemistry; University of Colorado Research Asso-
ciation

Key Projects

Managed a comprehensive study to evaluate human
health effects from lead, cadmium, and arsenic in
residential soils during the National Zinc Superfund
RIFS in Bartlesville, OK. Site-specific studies
included spectation, bioaccessibility, and bio-
availability of lead, cadmium, and zinc; soil-to-dust
transfer coefficients; distribution of smelter waste
types (fugitive emissions, slag, sintering residues)
in the community; and sources of lead in house dust
and residents’ blood.

Managed bench- and pilot-scale treatability studies
to evaluate in situ phosphate amendment as a meth-
od for reducing lead bioavailability from soil.
Study results will be used to support a novel soil
lead remediation method, potentially resulting in
considerable cost savings to the PRP group at the
site.

Managed a project that developed groundwater
proection standards for soil at a former pesticide
formulation facility. Contaminant leachability from
soil was determined throngh laboratory experi-
ments, and groundwater transport modeling was
used to establish soil contaminant concentrations
that would be protective of groundwater quality at
a downgradient point of compliance.

Managed a project that resulted in the design of two
novel remediation technologies—the agricultural
ecosystem and co-composting—for toxaphene re-
mediation in soil. The co-composting technology
has been implemented in a field-scale treatability
study designed to optimize the operating parameters
for full-scale site application.

Managed a bench-scale treatability study to evaluate
the efficacy of soil amendments—including phos-
phate, iron, phosphate and iron, and biosolids—for
reducing the solubility and bioavailability of lead,
cadmium, and arsenic in soil. Study results will be
used to select appropriate amendments for field-
scale testing on residential soils at a lead smelter
site.

PTi
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Managed a multi-disciplinary study designed to
apportion lead-bearing tailings in creek channel
sediments and overbank deposits among multiple
PRPs using statistical evaluation of geochemical
tracers.

Managed a multi-disciplinary team evaluating the
transport and fate of DDT, toxaphene, parathion,
and lindane at a pesticide formulation plant in Geor-

gia.

Evaluated metals source apportionment methods for
soils at a railyard adjacent to the client’s brass and
iton foundry. Results indicated that site-specific
conditions precluded the railyard owner’s consultant
from developing a defensible method of determining
the foundry’s contribution of metals to raifyard
soils.

Designed a comprehensive study to evaluate geo-
chemical and biological stabilization of chromium at
a former tannery in Michigan. The study was
designed to establish the long-term stability of
chromium in support of a reduction in the volume
of soils and sediments to be remediated.

Managed two investigations that combined arsenic
speciation studies with arsenic bioavailability deter-
minations for soil at a historical zinc smelter and a
pesticide production facility, respectively. These
studies were used to justify higher soil remediation
goals for arsenic in soil, while ensuring protection
of public health.

Developed and published an in vitro screening
method, verified with an in viw feeding study in
Sprague-Dawley rats, to estimate lead bioavailabil-
ity from soils and mine wastes.

Managed a project that resulted in development of
an in vitro method—termed the Physiologically
Based Bioavailability Test (PBBT)—and application
of the test to lead bioavailability estimation from
soils, mine wastes (waste rock, tailings, and slag),
industrial process wastes, and recycled hazardous
waste.

Managed the design and implementation of a micro-
cosm study to evaluate biological degradation of
lindane, parathion, ethylbenzene, and benzene in a

Florida aquifer. Results were used to predict <on-
taminant transport in a groundwater model and to
optimize selection of appropriate remedial technolo-
gies.

Managed a comprehensive project that resulted in
development of an in vitro screening method, which
replicates gastrointestinal chemistry and function, to
estimate arsenic bioavailability. The in vitro test
was validated using bioavailability studies in New
Zealand white rabbits and Cynomolgus monkeys.

Responsible for the design, implementation, and
publication of a study to examine the bioavailability
of lead and arsenic from mine-waste-impacted soils
in Montana, Study results were used to support a
bioavailability adjustment for lead in soil, resulting
in higher remediation goals for lead that are still
protective of human health,

Developed a comprehensive plan to examine the
environmental transport and fate of lead at a rele-
vision manufacturing facility in Ohio.

Managed a study that examined the arsenic mineral-
ogy of smelter-impacted soils and partitioning of the
observed arsenic forms between the potential source
materials.

Managed a study to evaluate the composition and
mineral speciation of arsenic in house dust. In
addition, probability distributions of arsenic bio-
availability values for soil and house dust were
generated for input to a probabilistic arsenic risk
assessment,

Conducted lead mineralogy studies and bioavaila-
bility assessments at mining sites in Kansas, New
Mexico, and Texas, and at urban sites in Michigan,
Texas, and Mississippi.

Responsible for the design, implementation, and
publication of a study on the dissolution kinetics of
lead from soils and pure lead minerals under physi-
ological conditions. Study results indicated that
dissolution kinetics will limit lead bioavailability
from mine-waste materials in Butte, Montana.

Responsible for the design, implementation, and
publication of a study to evaluate the mineralogy of

PTI
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mine waste in relation to lead bioavailability at a
site in Montana.

Assisted in data analysis and validation of inorganic
data for EPA contracts.

Participated in the study and publication of PCP
transport and fate, specifically biodegradation, at a
wood-treating site in Florida.

Conducted research on pesticides applied to soils to
determine irreversible adsorption and chemical
fluxes from impacted soils.

Assisted in data analysis and validation of volatile
organic, semivolatile organic, and pesticide/PCB
data for EPA contracts.

Developed a litigation support strategy for a min-
ing industry client in a Superfund cost recovery
action.

Studied the environmental stability and bio-
accessibility of Jead in slag in support of a litigation
team.

Developed and conducted a study to determine the
sources of lead-bearing tailings materials and to
apportion responsibility according to the relative
contribution of each PRP.

Evaluated methods to apportion between automobile
tailpipe and paint sources of lead in an urban envi-
ronment.

Assessed the sources of lead to residential drinking
water supplies in support of a litigation effort.

Selected Publications

Kennedy, S.K., G.S. Casuccio, R.J. Lee, G.A.
Slifka, and M.V. Ruby. (In press). Microbeam
analysis of heavy element phases in polished sec-
tions of particulate material—An improved insight
into origin and bioavailability. In: Sampling en-
vironmental media, J.H. Morgan (Ed.). American
Society for Testing and Materials, Philadelphia,
PA.

Boyce, C.P., M.K. Butcher, D.M. Nelson, R.A.
Schoof, and M.V, Ruby. (In press). Relationship
between gutdoor soil and indoor dust concentrations
of arsenic, cadmium, lead, and zin¢ at a zinc stmelt-
er site. Environ. Geochem. Health.

Davis, A., M.V. Ruby, and P.D. Bergstrom. 1994,
Factors controlling lead bioavailability in the Butte
mining district, Montana, U.S.A. Environ. Geo-
chem. Health. 16(3/4):147-158.

Davis, A., J. Campbell, C. Gilbert, M.V. Ruby,
M. Bennett, and S. Tobin. 1994, Attenuation and
biodegradation of chlorophenols in ground water at
a former wood treating facilityy. Ground Water
32(2)248-257.

Link, T.E., M.V, Ruby, A. Davis, and A. Nichol-
son. Soil mineralogy by microprobe: An inter-
laboratory comparison. Environ. Sci. Technol.
28(5):985-988.

Ruby, M.V,, A. Davis, and A. Nicholson. 1994,
In situ formation of lead phosphates in soils as a
method for immobilization of lead. Environ. Sci.
Technol. 28(4)646-654.

Ruby, M.V.,, A. Davis, T.E. Link, R. Schoof,
R.L. Chaney, G.B. Freeman, and P. Bergstrom.
1994. Development of an in vitro screening test to
evaluate the in vivo solubility of ingested mtine-
waste lead. Environ. Sci. Technol. 27(13)2870-
2877.

Davis, A., JLW. Drexler, M.V. Ruby, and A.
Nicholson. 1993. Micromineralogy of mine wastes
in relation to lead bioavailability, Butte, Montana,
Environ. Sci. Technol. 27(7)1415-1425.

Freeman, G.B., 1.D. Johnson, J.M. Killinger, S.C.
Liao, A.O. Davis, M.V. Ruby, R.L. Chaney, S.C.
Lovre, and P.D. Bergstrom. 1993. Bioavailability
of arsenic in soil impacted by smelter activities
following oral administration in rabbits. Fund.
Appl. Toxicol. 21:83-88.

Davis, A., M.V, Ruby, and P. Bergstrom. 1992,
The bioavailability of arsenic and lead in soils from
the Butte mining district. Eaviron. Sci. Technol.
26(3)461-468.
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Freeman, G., J. Johnson, J. Killinger, S. Liao, P.
Feder, M.V. Ruby, A. Davis, R. Chaney, S.
Lovre, and P. Bergstrom. 1992, Relative
bioavailability of lead from mining waste soil in
rats. Fund. Appl. Toxicol, 19:388-398.

Ruby, M.V., A. Davis, ].H. Kempton, J.W. Drex-
ler, and P. Bergstrom. 1992. Lead bioavailability:
dissolution kinetics under simulated gastric condi-
tions. Environ. Sci. Technol. 26(6)1242-1247.

Davis, A., M.V. Ruby, and P. Bergstrom. [991.
Geochemical controls on the bioavailability of lead
from mining waste impacted soils. In: Proc. of the
Hazardous Materials Conference. Hazardous Mate-
rials control Institute, Greenbelt, MD.

Hemphill, C., M.V. Ruby, B. Beck, A. Davis, and
P. Bergstrom. 1991. The bioavailability of lead in
mining wastes: Physical/chemical considerations.
Chem. Spec. Bioavail. 3(3/4)135-148,

Publications Under Review

Ruby, M.V., A. Davis, R. Schoof, S. Eberle, and
C. Sellstone. An improved physiologically based
bioaccessibility test for lead and arsenic. Submitted
to Environ. Sci. Technol,

Freeman, G.B., R.A. Schoof, M.V. Ruby, A.O.
Davis, S.C. Liao, and P.D. Bergstrom. Bioavail-
ability of arsenic in soil and house dust impacted by
smelter activities following oral administration in
Cynomolgus monkeys. Submitted to Fundam.
Appl. Toxicol.

Ruby, M.V., T. Link, S.K. Kennedy, and W.
Shields. Source apportionment of lead and cadmi-
um in the environment near a historical ziac smelt-
er. Submitted to Environ. Sci. Technol.

Davis, A., M.V, Ruby, M. Bloom, R. Schoof, G.
Freeman, and P.D. Bergstrom. Mineralogic con-
straints on the bioavailability of arsenic in smelter-
impacted soils. Submitted to Environ. Sci. Techno-
L



ROSALIND A. SCHOOF
Principal Toxicologist

Experience Summary

Dr. Rosalind Schoof is a board-certified toxicologist
with 18 years of professional experience in assess-
ing human health effects from toxic substances.
She has coordinated and reviewed risk assessments
for CERCLA and RCRA sites with a wide variety
of contaminants and sestings, and she has provided
critical evaluations of risk assessment procedural
guidance from both programs. Dr. Schoof has
developed position papers addressing methods for
assessing risks from exposure to arsenic, cadmiurm,
and lead at mining sites, including appropriate
adjustments to reflect the reduced bioavailabitity of
metals in mining wastes, Other kinds of sites eval-
uated include wood-treating facilities, military
installations, petroleum bulk fuel facilities, hazard-
ous and municipal waste landfills, and resource
recovery facilities. As study director for toxicology
studies at a pharmaceutical company, she was re-
sponsible for coordinating all aspects of acute,
chronic, carcinogenic, and genetic toxicity studies,
including study design, evaluation of in-life data,
clinical pathology, pathology, and statistical guid-
ance.

Credentials

Ph.D., Toxicology - University of Cincinnati (1982)

B.A., Molecular Biology - Wellesley College
(1975)

Diplomate, American Board of Toxicology (1986)

Society of Toxicology; American College of Toxi-
cology; Pacific Northwest Association of Toxicolo-
gists; Society for Risk Analysis; Society for Envi-
ronmental Geochemistry and Health

Key Projects

Providing toxicological support on a PCB risk
assessment sensitivity analysis project. Identifying
those components of risk assessment methodology
that have the greatest influence on PCB cleanup
levels.

Managing a multisite general risk assessment 5up-
port conteact for a major corporate client. In addi-
tion to providing risk assessment support for spe-
cific sites, responsibilities include ensuring that risk
assessment strategies and positions are consistent
from site to site. Risk assessment strategies are
coordinated with litigation strategies. Presentations
are also made to EPA and state staff on behalf of
the client.

Managing a bioavailability research program for
arsenic and lead from soils contaminated by mining
wastes in which mineralogic analyses and in vitro
screening studies are being used to help interpret
the results of animal studies.

Managed human health risk assessment tasks for
work plan, remedial investigation, and feasibility
study of a former zinc smelter site in Bartlesville,
Oklahoma. Planned for collection of site-specific
data to fill gaps in EPA’s baseline human health
risk assessment, including paired soil and indoor
dust samples, hot spot delineation, and a bioavail-
ability study of cadmium and lead in soil. Directed
development of revised remadiation goals for arse-
nic, cadmium, and lead using site-specific data and
preparation of position papers supporting the recom-
mended goals. Presented plans and results to EPA
and state staff and at public meetings.

PTI



Rosalind A. Schoof
Page 2

Directed an investigation of arsenic intake in the
diets of people living in areas of Taiwan with ele-
vated arsenic concentrations in artesian well water.
Samples of rice and yams were collected in Taiwan
and analyzed in the United States for inorganic and
organic arsenic concentrations. The results showed
that arsenic intake from the diet was much higher
than assumed by EPA and were used to support
recalculations of the oral arsenic toxicity values.

Managed preparation of a position paper describing
the proper methods for evaluating exposures to lead
and arsenic from mining wastes in residential soils
in Butte, Montana. Issues included evaluation of
the uncertainties associated with EPA’s oral carcin-
ogenicity assessment for arsenic, bioavailability of
lead and arsenic in soils, and discussion of appro-
priate ways to apply the uptake biokinetic model
and community blood-lead studies to assessments of
lead exposures. Comments were also prepared on
the baseline risk assessment and preliminary reme-
dial goals.

Prepared documents describing the proper methods
to evatuate risks from flue dust and mining wastes
contaminated with arsenic, lead, and cadmium for
several operable units in Anaconda, Montana.
Evaluations considered residential, occupational,
and recreational exposures. Baseline risk assess-
ments and preliminary remediation goals were also
reviewed and critiqued.

Prepared documents describing the proper methods
to evaluate risks from groundwater and surface
water contaminated with arsenic, lead, cadmium,
and other metals released as mining by-products at
several operable units in Butte, Montana. Also
critiqued preliminary baseline risk assessments from
EPA and state agencies.

Assisted in preparation of a2 document describing
the proper methods of evaluating human health risks
associated with recreational exposures to arsenic,
cadmium, and lead in sediments at a reservoir in
Montana.

Advised client of best methods for assessment of
lead exposures at a historic mining site in the Rocky
Mountains. Described available data and appro-
priate methods for comparing the bioavailability of
lead from soil, slag, mining wastes, and tailings.
Critiques were provided for community blood-lead
studies and the application of the uptake biokinetic
model to assessment of lead exposures at the site.

Served as project manager for technical enforcement
support oversight activities at several U.S. Navy
NPL sites in Washington., Provided human health
risk assessment guidance and coordinated review of
all aspects of remedial investigation work plans and
reports. Contaminants included chlorinated hydro-
carbons, solvents, metals, and fuels. Primary expo-
sure pathways included groundwater, surface water,
and marine organisms exposed to contaminated
sediments.

Managed preparation of documents describing the
proper methods of evaluating human health and
ecological risks from PCP, PAH, and dioxin con-
tamination at a pole-treating plant in Butte, Mon-
tana.  Assessed risks from exposures to soil,
groundwater, surface water, and air. Also critiqued
a state preliminary baseline risk assessment and
preliminary remediation goals.

Performed a risk assessment for ocean disposal of
dioxin-contaminated sediments from Grays Harbor,
Washington. Coordinated with other agencies to
develop exposure assessment methods acceptable to
EPA and the state. Evaluated sources of uncer-
tainty.

Assisted in preparing a work plan and risk assess-
ment to assess risks and develop cleanup levels for
benzene-contaminated groundwater from leakage of
petroleum products at a transfer station in Alaska.

Determined technical requirements and critically
reviewed risk assessment and proposed groundwater
cleanup levels for a gasoline leak from an under-
ground storage tank in Alaska. Provided guidance
for risk management strategy.
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Prepared technical review comments on draft re-
ports assessing the risks associated with exposure to
arsenic, cadmium, and lead in mining waste trans-
ported to residential areas by stream fiooding at a
site in Utah.

Prepared a human and environmental assessment
work ptan for a RCRA facility investigation of a
petroleum refinery in the western United States.
Key contaminants included BTEX, PAH, and chlor-
inated hydrocarbons.

Provided human health risk assessment guidance
and work plan review for CERCLA and RCRA
investigations of a federal facility in Oregon con-
taminated with munitions,

Evaluated potential human health impacts of cleanup
alternatives for an EIS for the Model Toxics Con-
trol Act. Participated in developing the risk-based
alternative,

Updated and revised a human health risk assessment
for an EIS on the application of herbicides to Wash-
ington lakes. :

Pecformed public health and risk analysis for a
municipal incinerator as part of an EIS on waste
reduction, recycling, and disposal alternatives for
Seattle, Washington. Assessed risks from stack
emissions of metals, dioxins, and other organic
compounds. Presented methods and results to local,
state, and federal officials, environmental groups,
the public, and a peer review committee,

Performed a preliminary risk assessment for the
development of a hazardous waste incinerator for a
chemical company in New Jersey.

Provided extensive peer review comments on meth-
ods and resuits of a risk assessment on a hazardous
waste incinerator for a chemical company in Ken-
tucky.

Developed procedures and preliminary assessments
for a municipal incinerator planned by a Native
American tribe in Washington.

Participated in planning and design of a study of
methylmercury concentrations in hair of native
Alaskans subsisting on fish and sea mammals in
Nome, Alaska.

Assisted in a preliminary assessment of risks from
metals and pesticides in fill material used during
construction of a road in Alaska.

Participated in indicator chemical selection and
provided toxicology support for risk assessmenis at
several hazardous waste sites, Contaminants in-
cluded ordnance and explosive material, PCB,
chlorinated hydrocarbons, BTEX, PAH, lead, and
other metals, ‘!

Participated in the development of cleanup standards
for lead, BTEX, and PCB at sites in California,
Oregon, and Washington. Sites were slated for
various planned uses, including housing develop-
ments, a museum, playground, marina, and various
commercial concerns.

Participated in peer review of a risk assessment for
a large municipal landfill near Seattle, Washington.

Provided toxicology support for the risk assessment
for final cleanup operations at a former smelter site
in Tacoma, Washington.

Provided technical support for a PRP in litigation to
negotiate a de minimis settlement at the Commence-
ment Bay CERCLA site, Washington.

Designed, executed, and reported the results of
toxicity studies in rodents, dogs, and monkeys,
including acute, subchronic, chronic, and carcino-
genicity studies.

Revised standard operating procedures for all toxi-
cological laboratory studies for a2 major pharma-
ceutical company to comply with FDA Good Labor-
atory Practices.

Participated in interdivisional teams coordinating
preclinical research and development projects for
new drugs, including reproductive hormones,
immunomodulatory drugs, and H, blockers.
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Participated in efforts to develop test methods to
determine effects on humans and the environment
from toxic substances prior to the enactment of the
TSCA. Managed projects to compile, review, and
evaluate test methods.

Responsibie for developing the implementation stra-
tegy for Section 4 of TSCA.

Managed development of a database to model and
simulate structure-activity relationships of carcino-
gens and mutagens,

Wrote a review of atmospheric sulfates used for
many years by EPA as an issue paper and used in
courses at the Harvard School of Public Health.

Participated in a field study of the effects of sulfur
oxide air pollution on the growth of lichens in the
Ohio River Valley.

Selected Publications

G.B. Freeman, J.D. Johnson, S.C.Liao, P.I. Feder,
A.O. Davis, M.V. Ruby, R.A. Schoof, R.L.
Chaney, and P.D. Bergstrom. 1994. Absolute
bicavailability of lead acetate and mining waste Iead
in rats. Toxicology. 91:151-163.

Schoof, R.A., L.Y. Yost, B. Beck, and P. Valberg.
1994. Recalculation of the oral arsenic reference
dose and cancer slope factor using revised assump-
tions of inorganic arsenic intake from food. Toxi-
cologist 14(1) Abstract 51:36.

Yost, L.J., and R.A. Schoof. 1993. Implications
of the methylation status of arsenic in home-grown
vegetables for risk assessment, Book of Posters:
Society for Environmental Geochemistry and Health
International Conference on Arsenic Exposure and
Health Effects, July 28, 1993, New Orleans, LA.

Schoof, R., M.J. Steele, C. Petito Boyce, and C.G.
Evans. 1993. Assessing the validity of lead bio-
availability estimates from animal studies. Toxicol-
ogist 13(1) Abstract 478:141.

Petito Boyce, C., C.E. Evans, and R.A. Schoof,
1992, Impacts of recent developments in assessing
toxicity and exposure on risk assessment for arsenic
carcinogenicity. Toxicologist 12(1) Abstract 933:
246.

Davis, A., M.V. Ruby, and R. Schoof. 1992
Comments on “Lead, cadmium, and zinc contami-
nation of Aspen garden soils and vegetation,” by
D.Y. Boon and P.N. Saltanpow. J. Environ. Qual,
21:82-86, 509-510.

Schoof, R.A., C. Petito Boyce, and S.G. Whit-
taker. 1992. Assessing the severity of carcinogenic
health effects. Toxicologist 12(1) Abstract 290:94,

Steele, M.J., S.G. Whittaker, and R.A. Schoof.
1992, The impact of assumptions regarding metal
concentrations in soil and dust on setting remedial
objectives. In: Risk Assessment/Management
Issues in the Environmental Planning of Mines. D.
Van Zyl, M. Koval, and T.M. Li (eds.) Society
for Mining, Metallurgy and Exploration, Littleion,
CO.

Yost, L.Y,, R.A, Schoof, C.E. Evans, and D.M.
Nelson. 1992, Human health risk assessment for
a former wood treatment plan. Presented at the
13th Annual Meeting of the Society of Environ-
mental Toxicology and Chemistry, November 8-12,
Cincinnati, OH.

Katz, L.B,, R.A. Schoof, and D.A. Shriver. 1937.
Use of a five-day test to predict the long-term
effects of gastric antisecretory agents on serem
gastrin in rats. J. Pharmacological Methods 18(4)
275-282.

Schoof, R.A., and C.S. Baxter. 1986, Topical
application of a tumor promoter induces prolifera-
tion of an adherent cell population in murine spleen.
Int. J. Immunopharm. 8:455-462.

Hahn, DW,, N. Hetyei, L. Beck, J.L. McGuire,
and R.A. Schoof. 1985. Pharmacology and toxi-
cology studies with microencapsulated norgestimate
as a long acting injectable contraceptive. Adv.
Contraception 2:235-236.
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Baxter, C.5., R.A. Schoof, and A T. Lawrence.
1984. Interaction of tumor promoting agents with
immuncfunctional cells in vitro and in vivo. Inter-
national Agency for Research on Cancer Scientific
Publications, No. 56.

Schoof, R.A., and C.S. Baxter. 1982, Splenic
leukocyte proliferation following in vivo treatment
with phorbolesters. In: Proc. of the NATO Ad-
vanced Study Institute on Immunotoxicology, Wolf-
ville, Nova Scotia.

Schoof, R.A., and C.S, Baxter. 1982. Stimulation
of murine splenic lymphocytes after skin painting
with a tumor promoter. Toxicologist 2(1) Abstract
322:91.

Schoof, R.A. 1974. Atmospheric sulfates: a re-
view, Publication No. RPTR-75-1. New England
Consortium on Environmental Protection, Regional
Environmental Program.
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YVETTE WIEDER LOWNEY, M.P.H.
Senior Toxicologist

Experience Summary

Ms. Yvette Wieder Lowney has 15 years of profes-
sional toxicology and technical project management
experience, specializing in human health risk assess-
ment, with special focus on evaluating health effects
associated with exposure to metals at mining, mill-
ing, and smelting sites, and with exposure to organ-
ic contaminants from riverine environments, Ms.
Lowney has conducted health hazard evaluations for
exposures to contaminated foods, water, and com-
mercial products, and drafted and enforced waste
discharge requirements for a California regulatory
body charged with protecting water quality in San
Francisco Bay. In addition to her broad-based
technical background, Ms. Lowney has managed a
branch consulting office, with responsibility for
office staffing, project administration and budget
oversight, career development of technical staff, and
client development and representation.

Credentials

Masters in  Public Health, Environmental
Health/Toxicology - University of California at
Berkeley (1986)

B.A., Molecular, Cellular, and Developmental
Biology - University of Colorado at Boulder (1982)

Society for Risk Analysis, Rocky Mountain Chap-
ter, President

Colorado Hazardous Waste Management Society

Key Projects

Prepared scoping documents outlining appropriate
risk assessment procedures for two operable units at
the Anaconda Smelter NPL site in Montana, Inves-
tigated current toxicological and regulatory status of
contaminants of concern.

Prepared a risk assessment for a site with potential
industrial contamination, including determination of
contaminants of concern, elucidation of appropriate
exposure pathways, and performance of a quantita-
tive health evaluation of existing conditions. Spe-
cific issues of concern included dietary exposure
from ingestion of contaminated fish, wildlife, or
drinking water; and childhood exposures from
contaminated breast milk or soil.

Managed project and prepared ‘detailed technical
comments on the public health risk assessment
portion of a feasibility study for an NPL site in
Montana. Major areas of comment focused on
exposure scenarios, toxicity evaluvation of various
metals, and the soil cleanup levels selected for
remediation. Developed alternative exposure as-
sumptions and toxicity parameters, as weli as
health-based soil cleanup levels, for lead and arsen-
ic at the site.

Prepared a report reviewing currently available data
characterizing the neurological effects associated
with pre- and postnatal lead exposures. Attention
focused on age-specific differences in sensitivity and
exposures to environmental lead. Ewvaluated litera-
ture in light of considerations for developing clean-
up levels for sites with lead-contaminated soils.

Managed project and prepared the Baseline Public
Health and Environmental Risk Assessment for an
NPL site in EPA Region VI. Contaminants of
concern at the site included cyanide and heavy
metals. Evaluated pathways of exposure, including
ingestion of contaminated water or soil, and inhala-
tion of fugitive dusts,

Proposed health-based soil cleanup levels for an
NPL site in Utah. Contarninants of concern at the
site were arseni¢c, cadmium, and lead. The pro-
posed cleanup levels were established based on
possible soil ingestion or dust inhalation exposures.

Provided detailed critique of risk assessment docu-
ments for a mining and milling site in the western
U.S. Evaluated alternative assumptions regacding
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soil ingestion rates and properties of arsenic and
lead at mining and milling sites, as well as conduct-
ing a thorough review and interpretation of the
literature regarding the impact of these contaminants
on exposed populations.

Managed a project to review and critique an Endan-
germent Assessment for an NPL site near Anacon-
da, MT. Specific attention was given to evaluation
of exposure and toxicity parameters, and risk esti-
mates were recalculated incorporating updated
parameters. Primary contaminants of concern
included arsenic, cadmium, lead, and copper.

Provided critical review of a draft proposal for a
methodology to be used in the determination of the
impact of environmental fead on human blood lead
and human health,

Provided toxicological information and evaluation
for contaminants of concern at a wood-preserving
plant in the southern U.S.

Managed the performance of a detailed risk assess-
ment for human populations exposed to PCBs from
the Hudson River. The evaluation include elucida-
tion of the exposed population, exposure pathways,
performance of a quantitative health evaluation, and
a thorough discussion of limitations and uncertain-
ties associated with all phases of the assessment.

Managed a human health evaluation for a site where
waste rocket fuel had impacted groundwater.

Managed a program to analyze emerging regula-
tions and their impact on metals-contaminated sites.

Conducted specialized toxicological risk assessments
of chemically contaminated seafood. Provided
analysis of data and, when appropriate, developed
consumption guidelines to warn the public of possi-
ble hazard. Worked with regulatory agencies and
industry in studying potential contamination of
waterways and foodstuffs, and determining appro-
priate environmental monitoring. Also prepared
scientific reports that served as a technical basis for
the development of health policy and regulations.

Designed and implemented a program to protect
young children from exposure to toxicants in

schools. Developed original criteria for evaluation
of products; consulted with legislators, manufactur-
ers, and educators; evaluated epidemiological and
toxicological literature for evidence of harnful
effects from chemicals; developed health education
curricula; and conducted workshops for school
personnel and artists around the state of California.

Evaluated the potential health risks associated with
the exposure of the public to toxicants in water,
Wrote document for the California legislature that
discussed public health risks from exposure to
drinking water contaminants. Conducted field
research, including collection of environmental
samples and biological specimeéns, to determine
body burdens of pesticides and industrial chemicals.

Selected Publications

Lowney, Y., and B, Beck. 1990. Factors affecting
selecting of an appropriatz target population and
soil cleanup level for lead. Poster presented at the
conference on similarities and differences between
children and adults: Implications for risk assess-
ment, sponsored by the International Life Sciences
Institute and the U.S. Environmental Protection
Agency. Hunt Valley, MD, November 20-22.

Karam, H., B. Beck, and Y. Lowney. 1990.
Evaluation of two methods to determine cleanup
levels for lead in soil. Presented at the 4th Annual
Exhibition and Conference of the Colorado Hazard-
ous Waste Management Society, October 18-19,
1990, Denver, Colorado. Sponsored by the Colo-
rado Hazardous Waste Maragement Society.

Fan, A., Y. Wieder, and M. DiBartolomeis. 1990,
Human health implications of dietary selenium
intake, Toxicologist 10(1):156.

Wieder, Y., G. Pollock, and 1. Uhaa. 1989.
Dioxin in fish from the Sacramento River: A
health assessment. Poster presented at the [4th
Annual Conference of the National Association of
Environmenta! Professionals, Lake Tahoe, Nevada,
June,

Uhaa, 1., G. Pollock, Y. Wieder, A. Fan, and R.
Cook. 1990. Potential health risk from consump-
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tion of contaminated fish: Dioxin contamination of
the upper Sacramento River, California. J. Am.
Publ. Hith. Assn.

Pollock, G., Y. Wieder, and 1. Uhaa. 1989,
Factors inwolved in human health based study de-
sign of chemical contamination of fish: California
Department of Health Services Study of Southern
California. In: Proceedings of the National Marine
Fisheries Service,

Pollock, G., Y. Wieder, I. Uhaa, and A. Fan.
June 1989, Risk assessment of dioxins in fish.
California Department of Health Services, Sacra-
mento.
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Lorraine H. Filipek, Ph.D. RESUME

RESPONSIBILITIES: EDUCATION:

Principal of Schafer and Associates, Denver. 1965-1969 University of Michigan
Oversees a variety of international mining B.S. Biophysics

projects, permit submittals, and research and 1972-1974 Johns Hopkins University
development assignments. Specializes in M.A. Physical Oceanography
geochemistry, waste characterization, 1975-1977 University of Michigan
constructed wetlands, international Environmental Health Studies
environmental  assessments,  pit-water 1977-1979 University of Michigan
physical and chemical modeling, solute Ph.D. Chemical Oceanography
transport modeling, soil investigations, and

oceanography. PROFESSIONAL COURSES:

1984 Groundwater Solute-Transport
Modeling (10-day USGS course)

PROFESSIONAL REGISTRATION: 1985 Advanced Solute-TransportModeling
(10-day USGS course)
Certified Environmental Manager, Nevada 1993 Nevada Environmental Manager

Training (4-day course)
1993 MSHA Health and Safety Refresher
(also 1991, 1992)

PROFESSIONAL EXPERIENCE:

Project/Organization Management: Successfully managed projects dealing with international
mining services, hazardous waste assessment, environmental audits and assessments, water
treatment, mine permitting and closure, environmental monitoring, and environmental and
mineral resources research. Managed government science organizations and delivered
educational short courses and expert-witness testimony.

Mining Services: Project manager and/or lead geoscientist for a variety of mmining projects
including multi-contractor environmental assessments and impact evaluations for mining facilities
in the United States, Panama, and Argentina; prediction, control, and remediation of AMD;
design of constructed wetlands to treat AMD and cyanide tailing solutions; reclamation of open
pits, waste rock, heap leach, and tailing sites; and land application of cyanide barren solutions.
Developed geochemical models to determine source, flow path, and the ability of soil to attenuate
seepage from tailing facilities. Co-designed a submerged tailing facility to mitigate AMD with
minimal hydraulic head. Developed and reviewed development of numerical-flow and solute-
transport models, including a model of the interaction of a tailing facility with a saline
aquifer/freshwater river system in Bolivia. Designed water monitoring plans and Quality
Assurance Project Plans for surface- and ground-water quality.
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PROFESSIONAL EXPERIENCE - continued

Research and Assessment: Project manager for a variety of environmental and mineral resource
projects including evaluation of phosphate addition to neutralize and inhibit AMD in an open pit;
developing a numerical flow, heat, and solute transport model to evaluate the role of basin-wide
flow in the formation of lead-zinc deposits; developing a model of metal migration through a

wetland overlying a massive sulfide deposit; integrating soil geochemistry, ground-water flow,
and geophysical information to produce a geochemical mineral assessment of bedrock covered
by glacial overburden in Wisconsin; and conducting other research on water-rock and inetal-
organic interactions in the surficial environment.

Government Research Management: As Chief of the Branch of Geochemistry, U.S.
Geological Survey, successfully managed 230 people involved in over 30 research, assessment,
and technical support projects including environmental and mineral resource investigations,
research on new. chemical analytical techniques and chemical analytical support (about 40,000
samples per year) for 13 branches. As Associate Chief of the Branch of Coal Geology, managed
25 scientists involved in energy environmental research, assessment and technical support
projects.  Developed interdisciplinary research program on prediction, mitigation, and
remediation of coal acid mine drainage in cooperation with the U.S. Bureau of Mines, the Office
of Surface Mining, and state regulatory agencies. As Deputy Chief for Geochemistry and
Environmental Activities in the Office of Mineral Resources, coordinated interactions between
the U.S. Geological Survey and other agencies conceming environmental and geochemical
research and development. Inter-agency projects included selenium geochemistry in the
Kesterson Reservoir (CA) with the US Bureau of Reclamation and arsenic geochemistry at the
Whitewood Creek (SD) Superfund site.

Education: Developed or co-developed and delivered a number of professional short courses
on geochemical principles, constructed wetlands, and active water treatment methods.

Professional Activities:

Professional improvement maintained through active involvement in professional societies
(Society of Economic Geologists, American Geophysical Union, Geological Society of America,
Society for Sedimentary Geology, Denver Coal Club, Association for Women Geoscientists).
Vice President of the Board of Directors, Genesee Water and Sanitation District. Authored more
than 50 articles, book chapters, and presentations in professional publications and symposium
proceedings.
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Appendix B

Existing and Future Land Use Considerations

1.0 EXISTING LAND USE

The Town of Rico lies in the narrow Dolores River valley, flanked by steep, mountainous
terrain on both the east and west. The developed portion of Rico lies in 2 small wide spot in
the valley at the confluence of Silver Creek with the Dolores. The Dolores River is a major
feature of the community, providing a historic focus as well as recreationat and natural open
space opportunities in counterpoint to the rugged mountain sefting. Rico’s town limits extend
* about 1.25 miles north to south; the core of the town is about 0.4 mile east to west, although
claim blocks annexed on the northwest and southeast extend the boundaries by up to 0.33 mile
beyond the historical core boundaries in both directions.

Rico is a predominantly residential community in 1995, Slightly less than 34 acres are
considered developed; almost 84 percent of the developed acreage is occupied by single family
residences (see Section 1.0, Figure 1-1). There are an estimated 147 single family homes that
are either occupied or sound enough that they could be habitable with a reasonable investment
of time and/or money (Heil 1995). In addition, there are three townhouse residential units in
one modern compiex.

About six percent of Rico’s developed acreage is commercial, all of it along the main
street, Glasgow Avenue (State Highway 145). Much of the commercial development comprises
historic structures, some of which are benefiting from substantial renovation. Several of the
commercial structures are vacant or minimally used for storage. There are no operating retail
facilities in Rico at this time, although a gas station/convenience store that operated until
recently, is for sale and still apparently in sound condition. An additional threz percent of the
developed acreage is occupied by a hotel, a motel, and a bed & breakfast operation, Five
percent of the developed portion of Rico is in public or quasi-public uses, including public
buildings, the post office, three churches, and a lodge. Finally, there is a small public park
adjacent to the community center (the former school).

Most existing development in Rico occurs within the historic core of the town, which is
platted in a grid pattern with no regard to terrain. The typical block contains 40 lots, each 25
fect wide by 100 feet deep. A few of these small, narrow lots are developed individually,
although many have been aggregated into larger parcels. The current town zoning ordinance
(Ordinance No. 274, as amended) requires a minimum lot width of 50 feet except in the
downtown Commercial Historical District. Two residential subdivisions have been platted
recently, one on the northeast edge of town and one on the south end of the old grid. The new
lots range from about one-third of an acre to over two acres, substantially larger than the
traditional lots in the community.

The developed portion of Rico, not including streets and roads, occupies only 10 to 15
percent of the incorporated area. The undeveloped portions include several parcels within the
historic core of the community, although much of the undeveloped area is river bottom lands or
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steep slopes on the fringes of town. Areas most amenable to future development are likely to
be along the river valley south of town and, perhaps, on narrow benches above the town on the
east and west flanks of the valley. Planners and engineers for the town and for private
landowners are investigating potentially developable areas in greater depth. Additional
information on their efforts is expected in the fall of 1995. A River Corridor Plan evaluating
river features and opportunities is also in process, supported by a demonstration grant from
Great Outdoors Colorado.

2.0 FUTURE LAND USE

Future land use in the project area is evolving through a series of public and private
initiatives currently being carried forward by the town of Rico and private land owners with the
assistance of state agencies and private consultants. Because the processes are ongoing, it is not
possible to be definitive about specific future uses for much of the community at this time. In
lieu of a specific future land use scenario for the community, this section describes and explains
the various community planning efforts, anticipated schedules for their completion (all within
the two year time frame mandated for completion of the Voluntary Clean Up Program), and
ways that the VCUP is providing input to the planning efforts to ensure that the public health
and safety will be protected. Anticipated general land use patterns are described to the degree
possible, with appropriate caveats, and more specific land use standards are outlined for selected
parcels targeted for cleanup action.

The town of Rico has embarked on a multi-pronged process to update the master plan
for the community. Included in the process are engineering investigations of the water system,
physical hazards, waste water treatment, and streets. Simultaneous efforts are addressing the
potential of the Dolores River corridor through town and broader issues of land use, appropriate
community size and character, and revisions and updates to the land development code of
regulations. These studies are being funded by a variety of state grants and local funds
supplemented by contributions from a development group that has substantial land holdings in
and around the community. As noted elsewhere in this application, the municipal water system
obtains water from Silver Creek above the Argentine workings. Gravity flow moves the water
to storage tanks on the hillside east of town where it is treated for distribution to all occupied
structures throughout the town. The current study, by Harris Water Engineers of Durango, is
evaluating system capacity, total supply capability, and general alignment patterns for an
appropriate trunk line system. Rico waste water is currently ireated in individual septic systems.
Recognizing the limitations of this approach in terms of both accommodating expected growth
and meeting increasingly stringent water quality standards, the town has contracted with Goff
Engineering of Durango to investigate community treatment options. Chris Wilbur, a
geotechnical engineer from Durango, has been contracted to develop land use constraint mapping
for Rico, emphasizing physical constraints such as avalanche hazard areas, steep slopes, potential
subsidence areas, flood hazard areas, wetlands, and prime wildlife use areas. All three of the
engineering studies are scheduled to produce at least preliminary results by late summer or early
fall 1995.

Rico’s master plan update will make use of the results of the engineering studies, together
with a survey of community residents, and a new master street plan to establish a vision for how
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the town will grow and how much growth is desired. RG Plans of Telluride is providing
technical assistance on these aspects of the planning effort and will assist the town attorney in
translating the new master plan into land use code revisions. The goal for completing the master
plan is fall of 1995; code revision adoption is projected for early 1996.

Finally, Rico has been one of a small group of demonstration communities selected by
the American Planning Association and the Land Use Resource Center of the University of
Colorado at Denver for an open space planning project supported by Great Outdoors Colorado
(GOCO) funding. Rico’s project, assisted by Community Planning Associates of Telluride,
focused on analyzing and planning for the river corridor along the Dolores River. With limited
resources, the study identified opportunities and constraints related to protection of the river
corridor as a recreational asset of the community. A preliminary preferred recreational river
corridor has been identified, although a complex pattern of mainly private ownership along the
river is recognized as a constraint to implementation. Among other implementation strategies
recommended to facilitate protection of the river corridor, the town is applying for additional
GOCO funding to purchase corridor property and/or easements. The proposed local match for
the grant would come from donation of river bottom lands to the town by Rico Properties, one
of the larger land owners in the corridor.

On the private sector side, Rico Renaissance, the town’s largest land owner, has
contracted with Jim Burleigh of Telluride to evaluate its land holdings for development potential
and to recommend appropriate uses and design standards.

An additional land use consideration that bears long term significance for the community
is a proposal by Rico Renaissance for a land exchange with the U.S. Forest Service. The
proposal would trade Forest Service lands in and near the town of Rico for scattered private
holdings in mountainous areas surrounding the town, consolidating and hopefully rationalizing
ownership patterns for both public and private sectors. The exchange process, which was
initiated in mid-summer of 1995, will take at least a year to complete if it proceeds successfully
(McGerigle 1995).

Rico does have a zoning ordinance in effect regulating town land use. Local officials are
reluctant to refer to it as a predictor of long term future use, however, because of the ongoing
planning activities and the expectation that important modifications will take place by early 1996.
Nevertheless, portions of the code are instructive and worthy of a brief review. The ordinance
designates four basic zone districts, an "overlay" district, and a "development area” district.
Basic districts include a single family residential district (R-1), a multi-family residential district
(R-2) permitting one dwelling unit per 1,250 square feet of lot area, a "commercial historical”
district (C-1) intended to preserve the “historical appearance” of the downiown area with
pedestrian oriented business uses, and a "commercial” district (C-2) to accommodate auto
oriented businesses. The "hazard” overlay district may apply to any of the other districts where
flooding, avalanche, or mine related risks have been identified; it requires special review of all
use proposals and suggests park or open space uses that do not subject people or property to
undue risks. The "Development Area District” is a nebulously defined district, somewhat akin
to a "planned unit development” concept in other communities, which may permit a broad range
of uses, but requires town review of all uses proposed.



At present, the C-1 area encompasses a two block long strip on both sides of Glasgow
Avenue from Soda Street to Campbell Street. The C-2 area adjoins the highway south of town.
The R-2 district includes about two and one-half blocks east of the gas station at the

south end of town. The remainder of the platted portion of Rico is R-1 and unplatted areas
are unzoned.

The ongoing master planning process is expected to change the zoning ordinance and,
to some extent, the zoning pattern. Preliminary thinking includes a hillside district for steeper
terrain, an open space district, and perhaps a light industrial district, as well as greater definition
for the hazard overlay zone district and more specific design standards for the historic
commercial core.

Proposals are more specific for future use of lands planned for active cleanup under the
VCUP. The two relatively small waste dumps and associated wetland treatment systems for
mine drainage at the Silver Swan and Santa Cruz mines are recommended for permanent open
space use as part of the river corridor. The Columbia Tailings site is recommended for open
space or appropriate recreational uses, such-as paved tennis courts. In addition, a visitor
welcoming center has been suggested, containing a light, kiosk type structure presenting
historical and current community information, a parking lot, and an access point to the river
trail. The Atlantic Cable and Van Winkle mine headframes are recommended for preservation
as historic features in conjunction with a pedestrian connection to the river corridor trail. The
Atlantic Cable site is also being considered as a site for a welcoming center kiosk. Finally, uses
of the Argentine mill tailings are less well defined, but town officials have suggested recreational
uses such as a soccer field, an outdoor amphitheater, a sledding/ski bunny hill, or some
combination of such uses. Technical constraints are being evaluated in the context of the town’s
suggestions.

Investigations conducted pursuant to the VCUP will provide information to the Rico
community on potential hazards related to soil or water contamination from historic mining and
milling acttvities. This information will supplement the community’s hazard identification and
mapping project, allowing the project’s resources to be focused on physical hazards.
Implementation of the VCUP will include providing relevant information to the town and
working with the town planners and attorney to install appropriate mechanisms to protect public
health and safety. In addition, where appropriate, covenants and/or deed resirictions will be
attached to key properties to ensure that protective measures are not compromised in the future
by inappropriate or uninformed development activities.
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Summary of Results
Job: 101.9502
Project: Rico
By: ACJ
Re: 100-yr basin runoff
Maximum Flow Path
Average
Vertical| Average Water
Basin Area| Concentration Drop Slope| Velocity*] Rational Regional Qla
Number Nickname {acres) (ft) {fUt) (fps}| Method Regression| {cfs/ac)
Santa Cruz Pile Runoff 0.75 33 21% 0.6 ¥ 0.9 4.27
Silver Swan Pile Runoff 1.3 9 3% 0.3 3 1.3 254
Columbia Taiings {Pile Runaff 33 12 2% 0.6 ¢l 24 2.33
Argentine Tailings |Pile Runoff - Area A 5.3 20 2% 0.8fE 43 34 222
Pile Runoff - Area AB 103 85 5% 1.0 5.5 207
Pile Runoff - Area ABC 11.5 115 5% 11E 5.9 1.90
A7 16 350 28% 1.3 7.5 0.54
AS 58 1500 38% 36 29 19, 0.45
AB 76 2000 5% 4.5 K¥g 23 0.37
AQ 142 1790 28% 46 66} KE 0.35
Al 154 1639 66% 4.4 98k 38 0.47
A10 Spear Slide 192 3400 41% 6.2 90 44 0.32
AG Sulphur Creek 521 3an 29% 4.7 174 a3 0.19
Silver Creek Basin_|(at Argentine Tailings) 4000 3481 16% 6.3 1205 7 0.08
B * Calculated using stope distance, Overland and
100-YR DESIGN FLLOW shallow concentrated fiow times included.
1E4
1E3
o
S 1E2
2z
[a]
o 181;
1€E0
1E-1 " : ‘
1E-1 1E0 1E1 1E4

Basin Area (acres)
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Attachment CI1A-1
Rainfall Data
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Attachment C1A-2
Basin Delineations
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ompsehensive hydraulic design.

CHAPTER 3 HYdI‘&UliCS

INTRQDUCTION

Many milhions ol dollirs are spent annoally on cadverts, st dessins and
subdrains, Wt vital 10 the proteciion ot streets, highways and raileawds, 1f
Inadeqyuiate, they con jeopardize the roadway und bring excessive praperty
damage and loss of life. Overdesign means exivavagimee. Good engmecring
G Fimd sen ecconomic solution.

Becuuse topography. soil ind climate combine m inlinite variely . drasnage
sites should be designed individuatly from reasonably adequate data o cach
particudar site. o addition, the designer is advised 1o consull with thase of
long experience in maintaining drainage structures in the aeea, One st
highway engineer comments:

“With the exception of the riding qualities of the traveled way, no other
single item requires as much antention on the part of the mainicnince
man s highwity culveris, Many ol the problems ol culvert matnieaunve
stem from the fuct that designers in all oo many instances conseder that
culverls will be required to iransport aitly clear waler. This is a conli-
tion hardly ever realtzed in practice. and in nrany insGuwes st
watters mhay he corrying as mueh as SO percent derid ovierial which,
dac 1o a raphd ¢hange in grade line ar the culvert entrange, Laoses
complete blockape of the culvert, with vesnliing overflow aceass the
highwiy and i some cises. especiadly where high Bl are incalved,
the intense static peessure resudns i loss of the cabasthmem ™

HYDROLOGY

The hydrological cycle as presented in many hydrology texibooks is defined
as a group of numerous inter-related phenomena representing the dilleren
pathsthrough which waner in nature circutites wad is franstormed. A sinplis-
tie representation al this eycle is schematicized below. (Fie. 3.2
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Figure 3.2 Hydrologic cycle—~where waler comes (rom angd where il ¢
Spangters Soi Engineering.’

*Superior nunibers indicate icfereoces it the end of tbis chapie
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IAT SUEEL DRAINAGE - Ty
Due to our complex urbun environmein su... .. ger The curves may be in the graphical form as the example shown in Figure

valid. Modificaion of naural drainage paths, dammlng ol waltrway.., iM-
poundment of water. re-use of slorm water and implementation of new storm
water management processes results in highly intricate hydrologic processes.

The objective of this section will be 10 introduce the designer to different
methods of estimaling 1he hydrologic process from the precipitation state to
runoff.

3.3, or may be represented by individual equations (hat express the time
intensity relationship for specific frequencies, in the form:

__a
(1+¢)®

where:
The amouni of rainfall and distribution of rainfall over time is usually the I = timein minutes
required input for mosi runoff calculations. This input may be in the form of abe = constants developed for each |DF curve

actwwal rainfall events, representative design storms, the widely used intensily
duration frequency curves. or statistical analysis of rainfall records.

Rainfa!l Intensity-Duration Frequency Curves (Fig. 3.3)

Rainfall intensisy-duration frequency {IDF) curves are derived from the
statistical analysis of rainfall records compiled over a number of years. Each
curve represents the intensity-time relationship for a certain return freguen-
¢y, from a series of storms. These curves are then said to represent storms of
a specific rewurn frequency.

The intensity, or the rute of rainfill is usually expressed in depth per unit
lime with the highest intensities occurring over short time intervals and
progressively decreasing as ihe time intervals increase. The greater mlensuy
of the storm the lesser their recurrence frequency, thus the highest intensity
for w specilic durition lor n years of records, is ealled the n year storm, with
a lrequency ol once in N years,

C/.S/'/;z Tulila Aol de

The fitting of rainfall data 10 thc equalion may be obtiined by either
graphical or least square methods.?

It should be noted that the i.D.F. curves do nos represent a rainfall patiern,
but are the distribution of the highest intensities over time durations for a
siorm of n frequency.

The rainfall-intensity-duration curves are readily available from
govemmental agencies, local municipalities and towns, and as such are
widely used in the designing of drainage facilities and flood flow analysis.

Rainfall Hyetographs

Rainfall hyetographs are a graphical representation of the intensity distribu-
tion of a rainfall event over time. {Fig. 1.4}

2

8 {nrs]) /-:f;';/;u;J Tome T V
L0832 &g 2 a5 5 é | /

LT el L8 527 o =0 %
£ 6 100-Year Frequency 25 i/ 4 < T .3-:" 7 7
'i vé5 5% 30§ b 5 5 T y
£ sl Lo .95 [ Qs O g
N ' /// /
= o
;: T //Z///1 ¥ = -+ Ll T ¥ T T =1 ///I
T afk 5 10 15 20 25 0 35 40 45 5 55 60
& _ Time in Minules
v zr Figure 3.4 Example synthatic rainfall hyetograph.

0 20 30 40 60 80100
Ralniall Durstion In Minutes

Figure 3.3 Exampie curve showing rainlall iniensities for various sierm Irequencies vs.

Rainfall hyetographs are available from weather stations which have
fecording gauges.

Synthetic Rainfall Hyetographs (Fig. 3.5)

Hyetographs are often not available for al locations or a standard hyetograph
may be required for designing of the drainage system. In such cases a

ot

esign storm, The synthetic hyelograph may be dcrwed from the LD.F curv

Al 2 tnarifiad ratiiea moeind gplma thn SDhinean wradh,

‘ynthctic hyetograph may be developed 10 be representative of a ccrtai.

rainfait durallon.
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The [.D.F. curve is reguired in the form
.
(t+c"
The rising and receding legs of the hyetographs are described by the follow-
Ing equations;

b) Afier the peuk

a} Before the peak

where: 1, = time afler penk
th = time belove peak
r = ralio ol time before the peak occurs 1o the total duration time

(the value of ris derived (rom anatysis of aciual rainfall events)
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Figure 3.5 Example symbelic rainfall hyelograph.

.3. HYDRAULIC 9

RAINFALL-RUNOFF RELATIONSHIPS

The volume and peak flows of the rainfall runoff is one of the key factors in
the design of stormwater drainage facilities.

From Figure 3.6 it can be deduced that the net storm rain (thal portion of
the total precipitation which will appear as direct surface runoff) can be
obtained from consideration of the phenomena of retention, infiltration and
overland flow, Essentially, in terms of watershed yield (surface runoff), one
may write a simple continuity equation:

Inflow = Qutflow + Change in Storage.
Precipitation = Depressional Storage + Evaporation + Infiltration
+ Interception + Surface Runoff.

Surface Runoli, Datentlon and Depression Intlitration

Efiective Raln Surtace Runolf nd Detentlon infiltration

Suriace Runoflf
Excess Rain

=

a | Depression
2 § | Storage =~ Syrface Runoli
a
55 Detantion Slorage
€2
¥ Overiand Flow

Time

Flgure 3.6 Hydrggraphs showing the rates ol dispasilion ot 3 hypotnetical, unitorm,
sifective rainfall.

Evaporation

Evaporation is the process by which water changes in state from fiquid 1o
gas. In the hydrological practice evaporation is defined as the net rate of
vapor transfer. It is estimated that approximately 75 per cent of the total
annual precipitation is returned to the earth’s atmosphere. During a single
rainfall event evaporation is negligible, but should be considered when fong

_term continuous rainfall-runoff is being simulated.

Interception
Interception is defined as that portion of the precipitation falling 10 the
earth's surface which may be stored on above ground objects until it is

returmed to the aimosphere by evaporation,
Interception as a percentage of total rainfall may vary from 10 to 25 per

cent in areas with some vegetal cover.

Depression Storage

Precipitation which reaches the ground may become trapped in small depres-
sions on the surface, from which the only escape is infiltration or evapora-

tion, The amount of depression storage available is a function of the land use.
The following empirical equation has been developed to represens this

process.
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V o= Sd(i-e*
v volume of storage al any particular time

naunonn

Sd maximum storage capacity of depression
Pe rainfull excess =pgross rainfall minus evaporation,
interception and infiltration
k = I/sd consiant
Table 3.1 Typlcal Depression and Detentlon for Varlous Land Covers’
Depression &
Lend Cover Delentian, i, Recommended, In.
imparnoys:
Large Paved Areas 005 - 0.15 1}
Perviovs:
Lawn Grass g - 0% 03
Wooded Ates and Open Fields 02 ~ 08 0.4
Fy
Infiliration

Infiltration is the most imporiant abstraction in the surface runoff

phenomena. it is defined as the Now of water into the ground through the
earth’s surface. The degree of infiltration is affected by the type and exient
of ihe vegetal cover, surface conditions. temperature, rainfall intensity, soil
properties and waler quality. Field 1es1s have shown that bare-soil infiltration
can be increased by 310 7.5 times with good permanent forest or grass cover,
butfitite or no increase with poor row crops. Empirical relationships describ-
ing infiltration have been developed with one of the simplest being the ¢
Index Method. This method assumes that infiltration occurs at some constant
rate over the duration of the rainfall event. This method tends to underes-
limate infiltration early in the storm and overestimates it late in the storm.
Thus the method should be applied to wet soils, or high intensity storms
where the rate of infiltration is assumed 1o have reached a constant rate early
in the storm. (Fig. 3.7)

Ralnfall Inenahy

7
Y
Bomgs )

Time
Flgure 2.7 Schem.agram ihysirating Ihe derivalion and meaning of Ihe @ index.
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Horton developed a mathematical equation for defining the rate cusve of

infiltration capacity:
f = f+(f-f) e

where: = rate of infiltration at period of time
f, = minimum rate of infiliration
f, = initial rate of infiltration
k = rate of decrease in f per unit of time

time

A typical residential infiltration curve has the equation

f = .52+(3-.52%"
note k = .0015 persecond in this case, fe and fo in in./hr
Typical infiltration curves are shown in Figure 3.8.
L Ll . T A L} k3
£ 7 ; Aenlgantinl Afass
F
'g Sandy Soll Arens
-4
é ] tndustnel sng Commarcinl AZpad
»
2 B X s
2 7
¢

0 0 43 0 80 o ¥ i-] 14
Time, Minyies

Figure 3.8 Pervious surface infiltration-capacity curves.®

Estimation of Runoff

A number of methods to estimate the amount of runoff are available 1oday.
They range from the widely used rationa! formula developed in the late
1800°s to the more recently developed computer models that are being
upgraded continuously. The method seiected should be pa_sed on the size of
drainage area, the data available, and the degree of sophistication warranted
for the design. The criteria for selecting the most suitable method is
described in the foliowing section.

'RATIONAL METHOD

The rational method for estimating peak flows is the method most widely
used by design engineers. It is based on a simple iniensity-runolf relation-

ship:

Q=ClA. . i {1}
where. English : Metric
Q = runoff, " /sec Q = ClA x 2.78 liter/sec (I/s)
. C = runall cosflicient C = runoif coefficient
i = intensitv. in./hr I = inlensitv, mmthr

- e =




Y NEERE DRUNE ARD IR

When using the rational method. the following assumptions ure con-
sidered.
1) the rainfall intensity is uniform over the entire watershed during the
entire storm duration.
) the maximum runoff rale occurs when the rainfall lasts as long or
longer than the time of concentration.
1) the time of concentration is the time required for the runoff from the
most remote part of the winershed 1o reach the point under design.

Runoff Coefficien (C)

Since the only munipulative Factor in ihe rationa! formula is the runoff
coetlicient (C) judgernent shouid be used in selecting this vaiue, us it must
incorporate most of the hydrological abstractions, soil types, anlecedent
conditions, eic. Values of 1ypical C coefficienss are listed in Table 3.2,

Table 3.2 Values of Relative Imperviousness

Type ol Surlace Factor ¢

For all watestight rool sudaces 0
For asphall ruaway pavemeats..... ............. 0
For concrete runway pavements . 0
For pravel or macadam pavements. . g Hitr!d
*For impervious soils (heavy) . L4010 0.
b ‘" 0.30t0 0.55
0
1)
0
0

*For impervigus soils, widh turt. ...
*For slighity peevious soils
*For shightly gervious soits, with turd.. ..
*for moderately pervious soils
*For moderalely pervious soils, with lurd

*For slopes from |% ¢ 2%

Modifications to the rational method have been proposed in order that the C
coefficient may account for antecedent precipitation conditions. Recom.
.mended Antecedem Precipitation Factors are listed below. The rational
formula now includes a new variable: 3=CC, T A

Recommended Antecedent Precipitation
Factors for the Rational Foimula

Recurrence
Interval C,
(Years)
Zw0l0 1.0
] L1
50 L2
100 1.2%

MHOTE- Tha arndoet sl 0 1 G should not eacead |

Figure 3.9

Time of Concentration for Small Watersheds

According to the theory underlying the Rational Method, maximum dis-
charge at any point in a drainage system occurs when: o

!) The entire area tributary to that point is contributing to the flow.

2} The rainfall intensity producing such flow is based upon the rate of
rainfall which can be expected to fall in the time required for water 10
flow from the most remote point of the area to the point being inves-
tigated. The “most remote point” is the point from which the time of
Mow is greatest. It may not be at the greatest linear disiance from the
point under investigation,

A minimum time of 5 minutes is recommended by the Federal Highway
Administration. A Time of Concentration Nomograph (Fig. 3.10) may be
used (o assist with the hydrologic analysis.

The drainage area can be measured on a topographic map or determined

in the field by estimation, pacing, aerial photos, or a survey comparable in

accuracy to a stadia-compass traverse.
Example

Find ihe discharge for a 10-year frequency rainfali at the outler of a grassed
roadside channel 400 t from the crest of a hitl with the contributing area 238
ft wide, consisting of 12 It of concrete pavement, 26 ft of gravel shoulder,
channel, and 200 ft backslope of grassed pasture—giving a weighted € =
0.35. The channel grade is 0.5 per cent; and the outer edge of ihe contributing
area is 4 ft above the channel. Location is near Washineton, N.C



Height of Most Remote Point Above Quiler
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E—" 500 T .
= 0
= Height 2 1001t 150
C- 200 Lengih = 3 0001
= 50 Time of ¢coneaniralion =14 Min (00
— |
= Lt 80
100 4
T~ —~ == 10,000 60
: . ""--EX“'M,D :: 50
PN ~Hg = a0
™~ - — 5000 .
— 0 e S :_ i ::
— 30 3= 3000 ! 5
MNate: QM = == 20
’ = S 2E
— 20 Use nomogroph T tor natural “E2c0e T~ £E
R bosins with well defined chonnels, © E_ | 4454 *E
for overland flow on bore SE -
o earth,ond for mowed grass road- & | 460 v n
- side channels - " Sl— e
= For overland flow, grossed sur - g - o —— T
[: faces, muitiply Te by 2 —cT =6
5 Fgr_gvg_r_lond fiow, coficrote or R 500 I
Ly — Qsphalt surtaces, multiply Te - L 4
by O. 4 [ 300
= 3 For concrete channals, multiply B — 3
Tz by 0.2 — 200
= 150 — 2
— 100 B
—
—_—

Boted on siudy by P.Z. Kitpich,
Civit Engineering, Vol 10, No. 68, June 1940, p. 382

Figure 3.10 Time of concentration of rainfall on small drainage basins,

The distance from the channel to the ridge of the area is 210 ft and that of
the channel is 400 ft making L = 610 1, The height of the most remote point
above the outlet = 4 ft + {0.005 x 400} = 6 fi. From {Fig. 3.10), the time of
concentration, 7¢ = 6.5 min.

The rainfall intensity for a 6.5 minute duration and 10-year return period
i56.9 in/hr.
The deainage area = 238 x 400 = 95,200 1 or

95.200 '
43,560 = 2.2 acres

Then (.35 X 69 x 22 = 5.3 fi¥Aec,

J. HYDRAULICS 1y

TIME OF CONCENTRATION FOR
LARGE WATERSHEDS

In large watersheds Tc should be obtained from stream flow records or field
inspection of the stream channel and watershed characteristics. When such
data is unavailable, the following empirical equation for concentration may
be used for estimating the time of concentration:

Kirpich (1940)
Lo
Te = 000013 E‘,'m (Fig. 3.11)
in which Tc = time of concentration, hrs
L = maximum length of travel of water, ft
S = slope, equal 10 H/L where H is the diflerence in elevation

between the most remote poinl on the basin and (he
outlet. /1

Moie: Use Kirpich aqualion lor natural basing with well dafingd channels lor ovarland Now on Dare
aarlh, and mowed grass roadsige chaanels, For overland flow. grassed surtaces, mulinply Te
by 2. For overtand llow, concrele o+ asphall surlaces. mulliply To by G4 For concrele
channels, multiply T¢ Dy 0.2,

— — 10
40,000 — — 10
- — 8 |
30,000 — I
- z 4  — 20
20,000 — - 5 L
= —— 30
_ 2, i
N ) — 40
10,000 — 2 "
' —— : 1‘0 E
8,000 —_ _ = 0 o — 60
6,000 —| -""“‘:..-5_.__‘ xa :80
— - 4 - “lpje__ L 100 .
— — 3 Trea .
e 4000 — n
< 3,000 — — 2
- ~ — 200
2,000 —| — 0.1 -
— 300
L 400
1,000 — -
a00 = Example — 600
— L=7250"M —
600 j H=1301t — 800
then Te = 0.57 hr

Figurs 3.11 T¢ nomograph tor large watersheds.
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When caleulating ravel timex for overtand Now in walersheds with 2
variety ol land covers. the Uplands Method may be used. The individual
limes are calculated, with their summation giving the total travel time, (Fig.
3.12). Inlarge walersheds greater than 2000 acres, the stream flow velocities
under the Nood flow conditions should be used to estimate the Te.

100
)

70F
60—
50k~
40~

o] o

Slope In Percent

L n o oD
TTTT

2]
1

1.0

<
Velocity, t/sec

I . oL .
Figure 3.12 Velocilies 1or uplang method for esiimating travel time or overland fow.

Hydrograph Methods

Geuerally hydrograph methads are used when dealing with larger drainage
areas where the rational method cannot be applied. A detailed explanation
of most of these methods is given in Modern Sewer Desien published by
the American bron and Sieel lostitute, Washington, D.C.

L HYDRAULICS

Table 3.3 Summary of Runoft Estimation Methods

SREQF REQUIRED
METHOD DRAINAGE AREA INFORMATION VARIABLES QuTPUT APPLICATIONS
RATIONAL < 20 acres Land Cover Runat Peak Flows Minge System
METHOD {APYA Spec. Te Coetticrent Design
fep. Mo 43 TDF Curves (ct
Uﬁgno <1000 g mi Raintall and Hydrograph Floog Flows
HYDRG- {onty duily taintall | Streamflow Major System
GRAPH | o voeimee oy | Records Starage Volumes
discharget
Up 0 3000 5q mi
{extensive records
required)
$CS Upio 20 sq miif | Seil Type Runoti Curve | Hydrograh Flood Flawy
UnIt large watershed | Raintall Data No. (CN) Minor & Major
HYDRO- break down to 20 | T Aceounts fos System
GRAPH 3q mi seclions Hydrokogical Storage Yolumes
Absttaclions
$CS Up to 20 sq mi; il | Soil Type RunoMf Curve | Hydrograph Flood Flows
TABULAR large waiershed | Cumulative Ha. (CN} Majov Syslem
METHQD break down to 2 | Rainfall Accouns lor Stavage Yolumes
$q mi sections Te Hydrotogical
Abstracthions
$C§ < Wy ™ Soil Type Aunol Curve | Peak Flow Flood Peahs
GRAPHICAL Cumylative Ho. (CN) Minor & Major
WETHOD Raintslt Accounls for Syslem
Hydrokgigat
Abstrachions
COMPUTER | Dependeni on Technical Ses Users Hydrographs Trovble Shoohng
PROGRAMS 1 capacity of lntarmation ol Manual Desiga of Minge
program Hinor System ng Major
Rantall Systems
Staragt Yolumes
RATIORAL & 20 Aeres Landcover RunoH Sintage Detention
MASS IBF Curves CoeMicient iCH | Yolume Facibey
iFiOw Mass Qutliow Design
Curve
HYDRO- Dependent on Inllgw Slorape Yolume | Delenton fa-
GRAPH source of Hydtograph Qutllgw Hydrg- 1 cility Design
HETHQO Mydrogiaph Approximate Qul- graph Reservoit
{Yolume llow Hydrograph Roulng
Detemin.
aton}
53 Cependent on Peak Inlfow Rate Storage Delention
GRAFHICAL | sousce of peak Desired Qutilon volume Facility
YOLUME fiow Rate Design
WETHOO Type of canlrol
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Figure B-2,—Approximate geographic boundaries for SCS rainfall distributions.
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154~-Frisca-Horsethief Comples, 20 to 7Q percent slopes, very stony.,

Mag Unit Dezevipgtion

This map unit is a complisx of very desp, well oraings sotis on
mountain sidesiopes, This map unit typiecally hzs o1 o 3 percent
stanes an the surface. Eievation is 5,400 fo 11,300 feet. Tne
average annuel precipitation !} ' ta 45 inches, the average annuzi

s ET
air temperature is R4 to T2 degrees £, and the average frost-fres
period i BO to TO dazys. The moisture and temperature rejimes are
udic znd cryic, resnectively.

This upit is &0 percent Frisce Joam and Z5 percent Hargethief inzarm.
The components of this unit are so intricately intermingied that it
was not practical ¢o map them sepzratety at the scals used.

Brief Scoil Descriptian

Frisca loam

The Frisco scil formed in jlacial cutwash derived dominant iy from
gneiss, sthicst and sedimentary rocks. Typically, the surface is

covered with z mat of decompocing twigs, needles and bark about I
inches thick. The surface layer is grayich brown loam about 3 inches

thick. The subsurface layer is brown foam about & inches thick. The

upper pzart of the subseil is yelloewich brown graveliy feam about &
inchesithick. The next part is brown extremely stony sandy clay iocam
about 29 inches thick. The lower part is brown extremely stony lozm
extending te &0 inches ot more.

Fermeability of the Frisco soii is moderate. Available water capacity
is moderate. The hydrolagic group is B, Effective roating depth is
60 inches or more. Runoff is medium to rapid, and the hazard of water

erosion is moderate. Content of roeck fragments range from 3% toe 75
percent in the Et horizons.

Horsethief |oan

The Horsethief saoil foermed in colluvium and aliuviae derived
deminantly frem sandstone, and volcanic and ignecus recks. Typically,
the surface is covered with a mat of needlies, twigs and bark about &
inches thick. The surface f[ayer is pale brown Jcam aboeut = inches
thick. The subsurface layer is light yeilawish brown fine sandy foam
about 1? inches thick. The upper 8 inches of the subsoil ig pate
brown sandy clay loaiw. The fower 17 inthes is brown very stany clay
loam, The substratum to 2 depth of &0 inches or more is brown very
stony clay ioam.
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158~--8pansor-Leadvilile complex =0 to 40 percent slopes.

Miag Unit Description

T e

This fmzs un:t s gevn, wWeii Grzingd

meuntzinsides., Elevation | T L0, 00y Faoeil, I SE RnNUE

precipitation is 25 to 25 inches, the averass annuail i+ temperaiurs

iz 34 te 4% degrees F, ang the averaze frast-free periad is L0 te PO
z

days. Tne moistur

respectively,

ne temperature re3imes udic A0G rvic,

o
-
1]

This unit {s &0 gercent Sponsaer loam and 30 percent tezdviiie !loam.
The components of Thie unit are so intricateiy interminaied that it
was not practical to map them separately at the scaie useas.

Brief Soil Description
Bponsor ioam

The Sponsor sail formed in glacizl outwash, and iandsiide material
derived deminantly from gneicss, schist and sedimentary racks.
Typicaily, the surface is covered with a mat of arganic material zbout
1 inches thick. The surface ifayer is dari reddish gray iosam about 4
inches thick. The subsurface layer is dark reddish gray leam about 5
inches thick. The ugper part of the subscii is reddish brown clay
loam about 1T inches thick., The next part is reddish brown cabbly
clay Voam about 18 inches thick. The lower part i€ reddish brown very
stony clay loam extending to 4% inches or more.

Fermeability «f the Spensor soil is moderately slow. Avaitabie water
capacity is high. The hydrolegic group is B, Effective rooting depth
is &0 inches or more. Runoff is rapid, and the hazard of water
erasicn is moderate. Content of rock fragments range from © to 36

percent in the upper part of the subsoit and 20 to &0 percent in the
| awer part.

_eadvitle lecam

The tLeadville sail formed in glacia! outwash or slopewash materia!
derived dominantly fram grneiss, schist or sedimentary rocks.
Typically, the surface is covered with a mat of leaves, needies and
partly decomposed awrganic material about 3 inches thick. Thne surface
layer is brown foam about 1 inch itnch thick. The subsurface taver is
pinkish gray {oam abeut 2 inches thick. The upfer part of the subsai
is pinkish gray very stony clay laam zbout 14 imches thick. The next
part is liaht reddish brown very cobbly clay faam about L& inches
thick. The tower part is light reddish brown stany clzy ifozm about 24
inches thick. The substratum to a depth of 75 inches ar wmare iz |iaht
reddish brown very stony sandy clay joam.




Exhibit A-1, continued: Hydrologic soil groups for United States soils

FAECST
FREES TONE
FRECTOWN
FAFEVATER
FRECIENER
FREEIEOUT
FRELSBURG
FREMOMT
FREW
FREMCH
FREMCHCREEK
FRENTHJOHN
FREMCAMAN
FRENCHTOYN
FRESHYATER
FRESNO .
SACEME=aLxal
FRESHO. THICK
SOLUM
Fadua
faCInic
FRI1ANA
FRLAMY
FALIDLD
FRIEDLANDER
FRIEDMAN
FRIENOS
L1y |
5
5L AND
FRIJCLES
FRINDLE
FRINES
FRID
FRIO0N,

FRIPP
Fhi1SCo
FRISITE

FRITL

ELL
FHOBERG
FE000
FROHMAN
Rl 1d
FROLIC.

ELEVATIONCS000O
FHQLIC+ FLODDED
FRONDDRF
FRONTENAC
FRONT IER
fRONTON
ragsy
ROLARD
FRUITA
FRULTFLELD
FRULTHURST
FAULTLARD
FRUVITLAND »

HOOSRATELY WET
FRUITLAMD . WET
FOYE
FRYEDURG
fT. DAUN
Fl. GREEN
Fuban
FURBSLE
FULGl
FUECDSTaA
FUERA
FUstawee

VEHES
FU(CHER
FULDa
FULLAw
FuLLE®
FULLERTON
FULNER
FuLmel,
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FULSHEAR
FULSTONE
FU_LTON
FULTS
FULVYIDER
FURTEQ
FUQUAY
FURMISS
FURSHUR
FuRy
FURYs DIAIMNED
FUSUL THA
PUSUYAR
SAASTRA
CAfALION
Gagas
GASBYALLY
GADEL
CABICA
GAD MO
GACEY
GACHADO
CaClioa
GADDES
CADDY
GADSOEN
GADSDEN, WET
SBSTRATUM
GADWELL
GaGEeY
GAGCETDaN
GaGIu
GAHEE
Gale
GalLa
G IWES
GCAJNESBCRO
GARKESYILLE

CGALCHUTTY
GALE
GaLEN
GaLEPPE
GALEST IN
GALESTOwK
CALEY
CaLILEE
GALISTED
GALISTED.
SALIWNE ~ALKALT
CaLLand
GULATIN
GALLEGOS
GAMLENW
GALLEA
GALL R
GALLION
GALLMAN
GaLup
GALOO
GaLT
GALYA
GALYESTON
GALYEL
GaLviIn
GCALWAY
GAMPLE R
GAMDOA
GARGEE
GANROD
GANCE
GANDO
CaN1S
GANMETT
LAMSHER
GAMESHE R+ FOMDEC
CamMY
CAPBUTTE
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GABRCOT
GAPO
GAPD . DRALNED
GAPPHAYER
GARM
GARPER
GARL D
GARAUTY
GARCEND
GARCES
GARC A
CARCITAS
GARCON
GCARCELLA
CARCEMA
CARD INER
GARORER*S FOBRK
GARDNMERY TLLE
GARDONE
GAREY
GARF AN
GARF LELD
GARM [LL
GARIPER
GCARITA
GARLAND
CARLETY
GARL DCXK
GAKMW
GARMORE
GARMEL
GARNER
CARNES
GCano

GARR
GARRETSON
GARRETY
GLAR [SOM
CARFCCHALES
GARS 1D
GARTCH
GARYVESON
GARY IM
Gakwin
GARZA
CIRICNL
GAS C{REEK
GASCCHADE
casiL
GCASCLET
CASSAwAY
GASSYILLE
GASTON
GAT

GATES
GATESGN
CATEVIEY
GATENAY
caTEwCOD
CATLEN
GatoR
GATTOM
CrILDY
GAULEY
GAYEL
GAYILAN
GAVING
GAVIOTA
LAY
CATLESYILLE
GAYLGRD
GCAYHMOR
GAYY ILLE
GATELLE
GAIDS
CAIWELL
CEARPART
GEARY
CEOLOM
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Gro
GEE
GEEBURG
GEEMORE
GEER
GEERTSEN
GEFD
GEISEL
LERE
GELKIE
GEM
GEM, STONY
GEMID
SEMSON
GEMAN
GENEGRAF
GENESEE
CENEVA
CEMDA
GENOL A
CENTILLY
GENTAY
GLOCONDA
GEDHROCK
GEORGECAEEK
CEORGE TOWM
GEORGEVILLE
GEORGIA
CEPFORD
cepe
GEPPERT
GERALD
GERPER
GERORUN
CERING
GERLACH
GERLANE
GERLE
GEOMANTOWN
GERMANKY
GERNMER
GEROHT
GERRAPD
GERRARD, ORAIMED
CERST
GESSIE
GESSNER
CESTRIN
CETANAY
GETCHELL
GETRALL
GETTYS
CETIVILLE
CEWTER
GEYSEM
G1BBLER
G188ON
C1BBONSCREER
(37131
CIENEY
GIBSORVILLE
GISWELL
GIOEOH
GCIELOY
GIFFORD
CIGHEP
GILs
G ILBERT
GILOOA
citay
GILCHRIST
GiLco
GILCREST
GILEAD
GILES
C1LFORD
GILFCRO.
STRATIFIEQ
SUBSTRATUM
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GILISPIE
GILLAND
GILLENDER
GILLIam
GILLIGAN

GlLLs
GILLSAUPG
CILMAN

GILMORE

GILPAR

GILIPIM

SILnRoY

GILSTON

CILT EDGE
GIMLETT

10134

GINEX

GINGER

GIni

GIMLAND

GINMTS

GINSER

GIRARD

GIaARDOT

QI1FD

GIsTY

GITAKUP

GIUAM

CIVIN

CLACTEACREER

GLADDEN

GLACEL

SLADEVEILLE
GLLDEWATER

GLADS TONE

GLADN IN

ELASGOY

CLASENER

GLE AN

CLEASOK

LLERE

[~ 4]

GLENTAP

SLEMIAR, WET

SAEMOERE
CLEMBLAIR

L EHNAOOK

CLEMCARD

GLENCARS, WET,
SALYINE

CLEMCOF

GLENCRE. PONOED
GLENDALE

GLEMOALE, WET

GLEMDALE, RARELY
FLODDED

CLENDERSON

SLENDIVE
CLEMDDAA
GLEWEDEN
GLEMELG
G_EWFORD
GLENMALL
GLERHAN
GLEWNNEN
SLENMNDR A
LSLENNALLEN
CLENOMA
GLENPOOL

CLENRTIO

GLEMRQSE

GLENRDSS

CLENSTED

CLENTON

GLENTOM .

GLENTOSH

GLEMYIEM

GLEMY ILLE

GLEWYDM
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Exhibit A-1, continued: Hydrologic soil groups for United States soils

LAMKIN
LasQ
LAMOILLE
LamQHe T
LAROMW 1
LAMONT
LAMONTA
LAMOOSE
LAMOTTE
LAMQURE
LAMPASAS
LANPHIER
LAMPSHIRE
LAKSON
LAMARE
LANCASTER
LAMCE
LAND
LAHD » DRA[HED
LAMDAYASD
LANDLO
LANDER
LAMOES
LANDLOY
LANOMAN
LAMDSEND
LANE

LANE SBORO
LANEX A&
LANEY
LANHG
LANGF ORD
LAMGHE]
LANGL ADE
LANGLDIS
LAMGOLA
LANGRELL

| LANGSPRING

LANGITOR
LAMNGTRY
LAanICR
LANIGER
LAMIGER . COAVELLY
LANKBUSH
LANC I
LANETREE
LANGAR
LAHOM &
LAMSOALE
LAMSDOYKE
LAHSTNG
LANTERN
LANTIS
LANTOM
LAMTOM, LOW
PRECIPLIATION
LAaNTOMTA
LAMTRY
LAMTE
LANVER
CANYON
Lap
LAPAREITA
LAPDYUN
LAPED
LAPEER
LePHaAM
LARINE
LAPLATYA
LAPONM
LAPORTE
LaPGSa
LaPyal
LARANHD
LARCHMOUNMT
LampELL
LAREDG
LARES
Laasa
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LARTIAT
LARIW
LARIMER
LAR TOSCampP
LARTIN
LaRKSON
LARMINE
LaRGOUE
LAROSE
LARAYS 1IN
LASRY
LARRY .«
LAASOM
LiRTONM
LARUE
L ARUSH
LARV]IE
Las
LAS
Las
LAS
LaS
1Las
LASA
LasSaLLE
LASAUSES
LascCo
LASIL
LASKSA
LASSEL
LASSEN
LASSTITER
LASTAMCE
LaTar
LaTam,

ORAINED

ANIMAL
FLORES
LUCAS
PO%AS
YEGAS

HIGH

RATHFALL + DRAINED

LaTaMs DRAIMED

LATAHCO

LATAKCO, WET

LaTaklen

LATCH

LATENE

LATES

LATEX

LATHAS

LATHER

LATHROS

LaTjco

LATING

LATIUM

LATOM

LATONE A

LATOUCHE

LATOUR

LATOURELL

LAYTAS

LAYTY

LADOERDALL

LAVOERHTILL

LAUFER

LAYGENOUR » LOANY
SUBSTRATUM
LAUGENOUR o
SUSS TRATUM

SI1ULTY

LAYGENDLUR . DRAINED

LAUGHE TN
LAMATA
LAVREL
CAUREL ¥ OOD
LAUREM
LAUREMT IEN
LAYACREER
LAVALLEE
LAVATE
LAVEAGA
LAYEENM
LAVENTANA
LAYERETIN
LAYIC
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LEAGLE

LAVINL

LA¥YON

LAwAL

LAWEN

LiwET

LaweT,
SaLINE=ALEAL]

LAWLER

LAWHDALE

L AWNYQOD

LAVHYIOG0 +
CEPAESS [ONAL

LANARENCE

LAWREHCEY LLLE

LAWEME

LawsSOM

LawTHER

LawTON

LANYER

LAX

LAKAL

LARTOM

LAYCOCK

LAYOINT

LAYTON

LAYY IEW

Lalax

LAIEsR

LE BaR

LE SUEUR

LEL

LEADER

LEAODRE

LEADVALE
LEAOVYILLE
LEAF

LEAFRIVER

LEAKSYILLE
LEAL
LEALAWDIC
LEARMA
LEANTD
LEAPS
LEATHAM
LEATHEGMAY
LEAVENRORTH
LEAVERS
LEAVITY
LEAYITEVILLE
LEEAM
LEEAHON
LEBE AU
LEBEC
LE80
LEASACK
LECE £lLL
LECRAG
LEOFORD
LEOGEFORK
LEQMOUNT
LEDODw
LEDRL
LEDUE
LEDWTTH
Lee
LEEDENCH
LECDS

LEEF [ELD
LFECD

LEEX O, wadM
LEEL AWALS
LEEMONT
LEEPED
LEERAY
LEELBURG
LEESYILLE
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LEETOMHIA
LEEVAN
LEFOR
LEGALL
LEGAULT
LEGGETT
LEGLER
LEGDRE
LEHEW
LEMIGH
LEHMANS
LEHR
LEICESTER
LeioL
LEIGHCAN
LEILEHYA
LEISY
LELa
LELAND
LERAH
LEWBOS
LERCD
LENERT
LEMETA
LEM1NG
LEMITAR
(XL
LEMOLO
LEMONG
LEMOHEN
LEMOORE
LENPIRA
LEN

EMAVEE: PONDED
LEMBERG -
LENNEP

LEnaTe

LEwI

LEMIs STOMY
LEMI. ¥vERY STOMY
LEMIBURG

LED

LEOLA

LEOK

LEONARD
LEOHARDD
LEOHARDTOWH
LEont
LECULEDY
LERDAL
LERDD
LERQY
LERROW
LESHARA
LESMO
LESLIE
LESOM
LESPATE
LESTER
LESWiLL
LEYA
LETCHER
LETHA
LETHENT
LETHEY
LEYDOM
LETORT
LETR] .
LETT LA
LE¥ASY
LEvELTON
LEVELTOH.
LEVERETY
LEVIATHAN
LEYY

CRATNED
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LEw
LEMBEACH
LE#DL AC
LEVES
LEV¥ISEERRY
LE= I58UPG
LEWISTON
LEWISYILLE
LEWKALS
LEXR
LEXINGTON
LEXTON
LEYBa
LEYDEN
LIBBINGS
LI1BEG
LIBERAL
LItORY
LigRARY
LIBUSE
LIcHs

LilE
LICEDALE
LEICKING
LECESEILLETY
LI1DAN
LIDDELL
LIGDSEYILLE
Lier
LITafaANAN
LIEN
LIESNDS
Li1GGETY
LIGHIMING
[ A 10FLd
LIGON
LIGuRYa .

. LIHEN
LIHUE

LIKES
LELAH
LILBEART
LILBQURM
LILLINGS
LILLINGTON
CELLYLANDS
LILTEN
LILY

(% L]

LIkh
LIMBER
LINER LN
LIFERICK
LIMERIDGE
LIMEING
LIMON
LIiMOH .
LIMOKES
LInpta
LINCO
LINCOLN
LInGass
LEIHDALE
LIMDELL
LIMDEM
LINOER
LEWOLEY
LINORITH
LANDS1DE
LINDSTROM
LINpY
LIHE
LINEVILLE
LIKGANORE
LINHaART
LIHINGER
LIMEER
LAINCUP
LINEYILLE

wET
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0 HOTESS

HESCH
nESPER
HESPERTA
HESPERUS
HESSEL

HESSING
HESSLAN
RESSON

HETERWA

HEVUSSER

HEWITY
HEXT
HEYDER

MEYTOU
WETEL
HI YISTA
Hianc
HIBAR
HIBGARD
MIBDIKG
HisERWS A
HIBRITEN
MICKMAN
HICKORY
MICKS

sEOROCK

HICOTA
HIDALGO
HIPATSA
HIDEAWAY .
HIDEVWOOD
HIERRO
HEGGTNS

HIGH Gae
HIGHAKS

REIGHAAMY,
MIGHC Ane
HIGUF IELD
HIGHROAN
HIGKHMARE
HIGHPOINT
HIGHROCK,
HIGHTOVER
#1oHe o0
HIHTRAMY
HilanEn

HIKO PEAK

HILATRE
HILAND

HILORETH
HILEA
HItES
HILCER
HILGRAYE
HILTGHT
HILINE
HILLERICK
MILLLD
HILLE WAy
HILLEAY
HILLEY
KILLFIfLD
HILLGATE
HILLT ARD
HILL1ARD.

HESSELBERG
HESSELTEHE

METTINGER

HEUYEL TOW

HEYOL aUFF

MICKSVYILLE
HICKESYILLE »

SUasTRATUN

Kl“lﬂi\'ll.l.t’

HIKg SPRINGS

WILDEGRECKT

Exhibit A-1, continued: Hydrologic soil groups for United States soils
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HILLSBORO
HILLSOALE
HILLTO
HILL¥O0D
HILMAR
HILMAR» DRAINED
HILNOE
HILD
HILOLO
HILT
HILTON
HINCELEY
HIMDES
HINESBURG
MINEER
HINCLE
HINMAN
HINSDALE
HIRAMSBURG
HIRIDGE
HIRSCHOALE
MISEGA
MISKEY
HisLE
HITCHCOCK
HITILD
HITT
HIvAL
HIvAN
HIWASSEE
HIWOQD
HIXTOM
HOADLY
HOOACKER
HOB AN
HOADS

SHOACAY

HOBE

HOSERG

oo 1T

woag

#0806 .

HOBOHMY

Hoas0M

HOBUCKEN

HOCAR

HOCHKE 1M

HOCE [NSOR

HOCK [HSON
WOERATELY wET

HOCK INSOM: DRAINED

HOCELEY
HOCKLEY s GRAGLD
MODA
HODEDD
HOQENG T
HADGE
HODG INS
HOOGSOM
HOEHHE
HOFFLAND
HOPFRANYILLE
HOFFSTaDY
HOFLY
HOGADERD
HOCANSBURG
HOCDALK
HOGC
HOGMALAT
HOCRLS
HiH
HOHMANM
oG

WL BORAN
HOLBRODK
HOLCONS
HOLOAVAY
HOLGEN
HOLDER
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HOLDEAKAN
HOLDEANE S5
HOLO IHGF 0aD
HOLBEEGE
HOLILLIP AN
HOLL aHD
HOLL ANDL AKE
HOLL INGER
HOLLLS
HOLL ISTER
HOLLOMAN
HOLLOMEX
HOLLOY
HOLLOWAY
HOLLONTREE
HOLLY
HOLL ¥» PINDED
HOLLY SPRINGS
HOLL roELL
HOLL YwDO D
HOLMAM
HDLMODEL
HOLMES
HOLOMAN
HOLOWU L
HOLOPaw
HOLOPAW .
QEPRESS IONAL
HOLOPAW,
FREQUENTLY
FLOQODED
HOLS INE

- HOLSTETN

HOLE TOMN
HOLTY
MOLTESR
HOLTLE
HOLTON
HOLTYILLE
HOLYORE
HiwA

HOWE Camp
HOMELAKE
HOMELAMD
HOVER
NOMESTAKT
HORESTEAD
HOKE w000
HOME
HOmME, HMODERATELY
T WET

HOMOSASS A
MOMALNAY

HONCUT

HONDALE

HONDQHO

HONEQYE

HONE YOEV

HONE YGROYE

HOME ¥ JONES
HUNETVILLE

HONEER

HONL AL

HOMLAY + ORAINED
HOMLY

HOMH

HOWQRIA

HONOE AR

HONOLUA

HOMOWMAHY
HOMOREGAM

HOHOU (UL T

HOKTAS

HONTOONM

HONUAULY

HOOD

HOODLE

HOOD 00

HOODSPORT
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HOOGRAL

HOOK S

HOOKS AN

HOOK TOM

HOOLEHUA

HoaLY

HODP AL

HODRER

HOOPESTON

HOOPLITE

HWECOS AN

HOGSEGDY

HCOS1C

HODSIERYILLE

HOOS IMBIM

wOOT

HOOTEN

NORLD

HOPDRAY

HOPELA

HOPE INS

HOPL AKD

HOPLEY

HOPSONYILLE

HOGU T AN

HORD

HOoRED

HOREB. CRAYVELLY
SUBSTRATUM

HORNELL

HORM THG

HOANTTOS

HORMSSY

HOANSYILLE

HORSECAMP
HORSERTIDGE
HORSESHOE
HORSETHIEF
MORSLEY
MORST
MORTOHYILLE
HOSEEM

HOSKE [NNINT
MOSLEY

HOSS 1CK
HOSTAGCE

HOY LALE
HOTAY
HOTCREER
HOTEL
HOTSPRENGS
HOUDEE

HOUGH
HOUGHMTON
HOUGHTOM. PONDED
MOUGHTONY TLLE
HOUK

HOUL &

HOULK A
HIIRGLASS
HOUSE MOUNMTAIN
HOUSER
HOUSERQCK
HOUSTacE
HOUSTON
HOUSTON BLAGCK
HOVDE

HOYEN
HOvYEMWEEP
HOvERT

HOYEY

HOWARD
HOVAADSY TLLE
HOWEC AN
HOWCAEE

HOWE

TW0 HYDROLOGIC S0IL GROUPS SUCH AS B/C INDICATES THE DRAIMED/UNDRAIWED S1TUATION,
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HOWELL
HOWL AND
HOV 50N
HOYE
HAYLE TON
HOYPUS
HOYTIYILLE
HWUACHUCK
HUALAPA]
ot
HUBBARD
HUBBARD TON
HUBBELYL
HWUBERLY
HUBERT
HUBLERSBURG
HUCKLEBESRY
T HUCELEBERRY & HIGH
RATHFALL
HUDHUT
HUDSON
MHUECD
WUEL
HUEMEME
HUEMEME
MODERAYELY WET
HUENEME » DRAINLD
HUERF ANO
HUEY
HUFEFIHE
HUFEMAN
HUFFTON
GG INS
HUGHE S
HUGHESYILLE
GO
HUGUS
HUGUSTON

HUKACAD
WUMATAS

HUMBARGER

HUNBIG

HUNB TRD

HMBOLOT

HUHBOLOT +
MODERATELY WET.
SALINE-aLKaAL L

HUMBOLOT ,
WODERATELY WET,
SALINE

HUNMBOLD T+ DRAINED.
STRONHGLY SALINE
WURDOLO T+ DRAINER.
HONS AL [NE
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\v
: Table 2-2¢.—Runoff curve numbers for other agricultural lands? .
Curve numbers for
Cover description hydrologic soil group—
Hydrologic

Cover type condilion A B C D
Pasture, grassiand, or range—continuous Poor 68 9 86 89
forage for grazing.? Fair 49 69 79 84
Good 39 Gl It 80
Meadow—continuous grass, protected from - a0 58 71 78

grazing and generaily mowed for hay.
Brush—brush-weed-grass mixture with brush Poor 48 G7 7 83
the major element.3 Fair 35 56 70 (K
. Good 430 48 65 73
Woods—grass combination {(orchard Poor 57 73 82 86
or tree farm).’ Fair 43 65 76 82
Good 32 58 72 79

p——
Woods.® Poor 45 77 83
Fair 36 73 79
Good 430 70 77
L5

s Farmsteads—buildings, lanes, driveways, - 59 ™ 82 86

and surrounding iots.

1Average runoff condition, and 1, = 0.25,

Pooir < 30% ground cover o heavily gruzed with wo mulch,
Feir: 50 1o 75% ground cover and not heavily grazed.
Good:  >75% ground cover and lightly or only oceasivnally greed.

Woor:  <5U% ground cover.
Fair: 30 to 5% oound cover.
Goud: > 75% ground cover.

1Actual curve number is less than 30; use CN = 30 (or runofl computations.

SCN's shuwn were computed Tor areas with 30% wouds and 50% grass (pasture) cover. Other combinations of conditions may be cumpute:]
from the CN'x for wowls and pasture. -

loor: Forest litter, small trees, and brush are destroved by heavy grazing o reprulay buring.
Foir: Woods are grazed bul not burmedd, and some forest litter covers the soil.
Grood: Wouds are protected from grazing, and litter and brush adeyuately cover the soil.

(210-VI-TR-53, Second Ed., June 1936) 2-7
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Attachment C1A-5
Regional Regression Methodology



COLORADO WATER CONSERVATION BOARD
COLORADO DEPARTHENT OF NATURAL RESOURCES

TECHN{ CAL MANUAL HO. 1

MANUAL FOR ESTIMATING FLOOD CHARACTERISTICS

OF NATURAL-FLOW STREAMS IN COLORADO

By Jerald F. McCain and Robert D. Jarrett

U.5. Geological Survey

Prepared in cooperation with the

U.5. GEOLOGICAL SURVEY

Colorado Water Conservation Board
184S Sherman Street
Denver, Colorado 80203

1976
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100-YEAR PEAK DISCHARGE (Q100), IN CUBIC FEET PER SECOND

E I o] [+ H LT T I B 7 P T oL F1T] HUR R
B TR I R HTH 08 . | HH D T3 e T + i .
i 51 FH S U FIEE A R O T e Al M "IiF m + anHEN
ZEYREN 0111000 PRI S MR LAt q il

10, 000

& : 'II I‘ ]
B T e e 3
1000 T i hbe Ilhihuuiiiﬁ{:lﬂlll Ay
WEFEERLEA BRI 43 From example 6
i s = for A = 37.8 square miles
=5 I BnEe Qm- 1360 cubic feet per second ;
: :”. !I' ] E ,4':‘:' Y ”_, ”.I‘”'! it .|““I._ ,...l i J“IITF'I“.'.-’
ekl i 4 RETHS F ,. B R HS Y 0
T ERE T I8 S
FECHE BEbERHE i 3 5 i
525 T S i EASE ki
Ul au ,{’:'::—u—"__—{
e
100 1l i al

! 10 | 100
CONTRIBUTING DRAINAGE AREA (A), IN SQUARE MILES

-

Figure 9.--Relation of 100-year peak discharge to contribueting cdrainage &
for the Southern Plateau Region.

=]

=l

gt

IANYY TYDINHIIYL



Attachment C1A-6
Basin Flow Results



Summary of Results

b: 101.9502

foject: Rico
By: ACJ
Location: Sulphur Creek
Basin: Ab
Regional Regression Analyses
Basin Area: 521 acres 0.81 sq. mi.
Q: 89.0 cfs
TR-55 Method
Q: 1010 cfs
Rational Method
Q: 173.5 cfs

15:20:28 07/31/95 C:\ARCO\RICO\ABHYDRO.W81



GRAPHICAL PEAK DISCHARGE METHOD Version 2.00

Project : Rico Technical Services User: ACJ Date: 07-31-95
County : Dolores State: CO Checked: Date:
Subtitle: Basin AS

Data; Drainage Area : 521  Acres
Runoff Curve Number : 56
Time of Concentration: 0.73  Hours
Rainfall Type : 1
Pord and Swamp Area : NONWE

(cfs/acre/fin}

| Storm Wumber [ I
|- emeeeeeneeeeees |-
| Frequency (yrs) | 100 |
: 24-Hr Rainfall (in) : rn II
I I I
| 1a/fP Ratie ] 0.2 |
I I I
| Runoff (in) [ 0.47 |
: Unit Peak Discharge {0.409 I
| I

! I

I

|

I
I
I
|  0.0X Ponds Used

| Peak Discharge (cfs)




Time of Concentration by TR-55 Methodology

0!): 101.9502
oject  Rico

By: ACJ
Location: Sulphur Creek
Basin: AB

Storm analyzed: 100 yr
A, Sheet Flow

1. Surface description

2. Manning's RC {n)

3. Flow length, L

4. rainfall

Beginning Elevation

Ending Elevation

5. Land sfope, s

6. Tt = 0.007(nl}*.8/(p2".5"s".4)

B. Shallow Concentrated Flow

7. Surface description
8. Flow length, L
Beginning Elevation
Ending Elevation

9. Watercourse slope, s
10. Average Velocity, V
11. Tt= LA3600V)

hannel Flow
Q (base flow from w/s subarea)

Q (calculated - guess on first iteration)

Q (totaf}

8 hr

Woads
0.4
300|ft (MAX IS 300}
2.6]in Suggested:

12071
11960

0.37 |

0.288|hr 17.9 min

Unpaved
1000]#t
11960
11200
0.76 |fm
2.3|fs ’
0.121]hr 7.2 min

0
25.25 (use about 1/4 of calculated Q at end of channel),
25.25

Q (adjust flow area so to match this Qto a 25.3

12. Cross section flow area, a
13. Wetted perimeter, pw

14. Hydraulic radius, r=alpw
Beginning Elevation

Ending Elevation

15. Channel slope, s

16. Mannings RC, n

17. V=1.49{(r"23)s*.5)n

18. Flow Length

19. Tt= L/3600V

D. Subarea T¢
20Tt
E. Basin Statistics

Elevation Crop:
Horizontal Flow Length:

filo SH1-1

15:19:47 07/31/95 CMARCORICOVAGHYDRO . WBH1

27|
5.2|ft (calculated) Assumes V channel, 2H:1V)
0.52]|1t
11200
8700
0.24
0.05
9.38{fts
10500]ft
0.31}hr 18.7 min

073 ir 43.8 min

3371
11800 #

26 in

41.7 cfs



Jobh: 101.9502

Project: Rico Technical Senvices
By: ACJ
Re: Design Q, 100 yr, 6 hour design storm
Location: Sulphur Creek
Basin: AG
Inputs
Storm Recumence Interval 100 yrs
Runoff Coefficient (C) 0.10
Basin Area: 52t acres
Maximum Length of water travel: 11800 ft
TR-§5 calculated time of concentration: 41.1 min
Time of concentration factor: 2.0 (for use in adjusting Kirpich formula)
Rainfall Intensity-Duration Curve
Duration (O, hrs) {min) linvhr) di/dD
0.083 5 6.75 -17.76
0.167 10 527 -9.96
0.250 15 4.44 -5.44
0.500 30 .08 -2.26
1.000 60 1.95 -2.26
Work Area
Antecedent Precipitation Factors key 0.5
Recumrence Interval (yrs) Ca ibase 3.08
2 . 1 idelta 226
10 1
25 1.1
50 1.2
100 1.25
Results
Height drop of water travel: D7 #
Antecedent Precipitation Factor (Ca) 1.25
C*“Ca 0.13
Basin Slope: 28.6%
Time of Concentration (Tc): 0.58 hrs 34.5 min {Kirpich formula)
Tc for analysis: 0.68 hrs 411 min {max of Kirpich or TR-55)
Average Water Velocity: 5.7 fis
Intensity (1) 2.7 inthr
Q (=CCatA) 173.5 cfs

12:58:15 07/31/95 CAARCOV\RICOVASHYDRO.WB1 -



Time of Concentration by TR-55 Methodology

ob: 101.9502
Qoﬁ«:ﬁ: Rico
. ACY
Location: Sulphur Creek
Basin: A
Storm anatyzed: 100 yr 6 hr
A. Sheet Flow
1. Surface description Woods
2. Manning's RC {n} 0.4
3. Flowlength, L 300t (MAX IS 300)
4, rainfall 2.7|in Suggested: 27 in
Beginning Elevation 12071
Ending Elevation 11960
5. Land slope, s 0237 |#M
6. Tt = 0.007{ni)» Bp2*.5's".4) 0.292|tr 17.5 min
8. Shaliow Concentrated Flow
7. Surface description Unpaved
8. Flow fength, L 10001 #t
Beginning Elevation 11960
Ending Elevation 11200
9. Watercourse slope, s 0.76|ftM
10. Average Velocity, V 2.3|fus
11. ¥t= LA3S00V) 0121 |hr 7.2 min
C. Channel Flow
Q (base flow from /s subarea) 0
Q (calculated - guess on first teration} 43.4 (use about 1/4 of calculated Q al end of channel): 434 cfs
. Q (totai} . 434
G {adjust flow area 50 to match this Q to abo 435
12. Cross section flow area, a 4.1 12
13. Wetled perimeter, pw 6.4t (calculated) Assumes V channel, 2H:1V)
14, Hydraufic radius, r=alpw 0.64ift
Beginning Elevation 11200
Ending Elevation 8700
15. Channel slope, s 0.24
16, Mannings RC, n 0.05
17. V=1.49(r"2/3)s*.5)n 10.74|1ts
18. Flow Length 1050011t
19, Ti= L3600V 027 jhr 16.3 min
D. Subarea Te
20. Tt 0.68 hr 411 min
E. Basin Statistics
Elevation Drop: kYA
_Hoxizontal Flow Length: 11800

file SH1-1

12:01:58 07/31/95 CMARCORICOVGHYDRO WEB1



Summary of Results

Job: 101.9502

Projecl: Rico

By: ACJ

Location: Silver Swan

Basin: AB

Regional Regression Analyses
Basin Area: 76 acres
Q: 22.7 cfs
TR-S5 Method

Q:

Rational Method

Q: 36.5 cfs

0.12 sq. mi.

14:56:51 07/31/95 C:\ARCORICOVSHYDRO . WBH1




GRAPHICAL fEAK DISCHARGE METHOD Version 2.00

Project : Rico Teehnical Services User: ACJ Date; 07-31-95

County : Dolores State: CO Checked: Date:
Sﬁle: Basin A8

bata: Desinage Acea 1 76  Acres
Runoff Curve Mumber : 958
Time of Concentration: 0.37 Hours
Rainfall Type : 1
Pond and Swamp Area : HNOME

| Pend and Swamp Factor| 1.00
| 0.0% Ponds Used

| Peak Discharge (efs)

{ storm Number I 1
{ Frequency  (yrs) ! 100 :
: 24-4r Rainfall (in) ; 3.7 :
I I I
| tasP Ratio | 0.39 |
I { I
| ®unoff (in) | 0.56 |
I | I
| Unit Peak Discharge [0.664 |
[ (ctsfacresin) | |
! ! I

I

I




Time of Concentration by TR-55 Methodology

Job: 101.9502 .

Project:  Rico
By: ACY
Location:  Sitver Swan
Basin: A8
Storm analyzed; 100 yr 6 hr
A. Sheet Flow
1. Surface description Woods
2. Manning's RC {n} 04
3. Flow length, L 150 |/ (MAX 1S 300)
4, rainfal! 38lin Suggested: 38in
Beginning Elevation 10700
Ending Elevation 10640
5. Land slope, s 0.40]fvit -
6. Tt = 0.007(n)*.8Ap2* 5*s* . 4) 0137 |hr 8.2 min

8. Shallow Concenirated Flow

7. Surface description Unpaved

8. Flow length, L 4001 ft

Beginning Elevation 10640

Ending Elevation 10450

9. Watercourse slope, s Q.43 A

10. Average Velocity, V 23]ts

11. Ti= LA3IG00V) 0.048 hr 29 min
C. Channe! Fiow ’

Q (base flow from u/s subarea) 0

Q (cateulated - guess on first teration) 7 {use about 1/4 of caleulated Q at end of channel): 9.0 cfs

Q (totai) 7

Q (adjust fiow area so to match this Q to abo 6.9

12. Cross section flow area, a 0.9|f2

13. Wetted perimeter, pw 3.0[f (calculated) Assumes V channel, 2H:1V)

14, Hydraulic radius, r=a/pw 0.301#

Beginning Elevation 10450

Ending Elevation 8700

15. Channel slope, 5 0.34

16. Mannings RC, n 0.05

17. V=1.49[(r*2/3)s*.5)n 772\

18. Flow Length 5200|

19. Ti= L3600V 0.19|tr 11.2 min
D. Subarea Tc

20.Tt 037 tr 224 min

E. Basin Statistics
Elevation Drop: 2000 ft
Horizontal Fiow Length; 5730 ft

file SH1-1

14:56:06 07/3195 CMRCOWRICOWBHYDRO.WB1



Job: 101.9502

Project: Rico Technical Services
ﬁy‘ ACY

el Design Q, 100 yr, 6 hour design storm
Location: Columbia Tailings
Basin: FH(SpearShde)—

A%

Inputs
Storm Recurrence interval 100 yrs
Runoft Coefficient (C) 0.10
Basin Area: 76 acres
Maximum Length of water trave: §750 ft
TR-55 calculated time of conceniration: 21.6 min

Time of concentration factor: 2.0 (for use in adjusting Kirpich formula)

Rainfall Intensity-Duration Curve

Duration (D, hrs) (min) l(in/hr) diidD
0.083 5 6.75 -17.76
0.167 10 527 -9.96
0.250 15 4.44 -5.44
0.500 30 3.08 -2.26
1.000 60 1.9% -2.26

Work Area

Antecedent Precipitation Factors Ikey 0.25
urrence interval (yrs) Ca Ibase 4.44

i 2 1 ldelta -5.44

10 1
25 11
50 1.2
100 1.25

Results

Height drop of water travel: 2000 ft

Antecedent Precipitation Factor (Ca) 1.25

C*Ca 0.13

Basin Slope: 348%

Time of Concentration (Tc): .31 hrs 18.4 min (Kirpich formula)

Tc¢ for analysis: 0.36 hrs 21.6 min (max of Kirpich or TR-55)

Average Water Velocity: 52 f/s

Intensity (1) 3.8 in/hr

36.5 cfs

Q (=CCalA)

12:07:36 07/31/95 CVMRCORICOVMBHYDRO.WB1



Time of Concentration by TR-55 Methodology

Job: 101.9502 .

Project Rico
By. ACJ
Location; Sitver Swan
Basin: AB
Storm analyzed: 100 yr 6 hr
A._Sheet Flow
1. Surface description Woods
2. Manning's RC (n) 0.4
3. Flow length, L 15011t (MAX IS 300)
4. rainfall 3.8]in Suggested: 38in
Beginning Elevation 10700
Ending Elevation 10640
5. Land slope, s 0.40 1A
6. Tt = 0.007(nl}*.8/p2~.5"s".4) 0.137thr 8.2 min

B. Shallow Concentrated Flow

7. Surface description Unpaved

8. Flaw length, L 4001t

Beginning Elevation 10640

Ending Elevation 10450

9. Watercourse slope, s 0.48]ftH

10. Average Velocity, V 2.34{fts

11. Tt= LA3600V) 0.048}hr 2.9 min
C. Channel Flow

Q {base flow from u/s subarea) 0

Q (calculated - guess on first iteration) 9.1 (use about 1/4 of calculated Q at end of channel): 91 cfs

Q (total) 9.1

Q (adjust flow area so tomatch this Qto a 9.1

12. Cross section flow area, a 14|02

13. Welted perimeter, pw 3.3} (calculated) Assumes V channel, 2H:1V)

14, Hydraulic radiys, =a/pw 0.3341t

Beginning Elevation 10450

Ending Elevation 8700

15. Channel slope, s 0.34

16. Mannings RC, n 0.05

17. V=1.49[(r"2/3)s".5)n 8.25|ft/s

18. Flow Length 5200]#

19, T= L/3600V 0.18(hr 10.5 min
D. Subarea Tc

20. Tt 0.36 hr 21.6 min

E. Basin Statistics
Elevation Drop: ' 2000 ft
Horizontal Flow Length: 5750 f

fije SH1-1

12:07:21 0731095 CMRCOWRICOVWBHYDRO. WB1



Summary of Results

.b: 101.9502

Project: Rico

By: ACJ
Location: Silver Swan
Basin; Pile runoff

Regional Regression Analyses

Basin Area: 1.3 acres 0.00 sq. mi.
Q: 1.3 ¢fs

Rational Method

Q: 3.3 cfs

12:42:16 08/02/95 CVARCORICO\SSRUNOFF.WB1



Job: 101.9502

Project: Rico Technical Services

By: ACJ

Re: Design Q, 100 yr, 6 hour design storm
Location: Silver Swan 0
Basin: Pile runoff

Inputs

Storm Recurrence Interval 100 yrs
Runoff Coefficient (C) 0.50

Basin Area; 1.3 acres
Maximum Length of water travel: 315 ft
TR-§5 calculated time of concentration: 18.6 min
Time of concentration factor: 2.0 (for use in adjusting Kirpich formula)

Rainfall Intensity-Duration Curve

Duration (D, hrs) {min) [(in/hr) di/do
0.083 5 6.75 -17.76
0.167 10 527 -9.96
0.250 15 4.44 -5.44
0.500 30 3.08 -2.26
1.000 60 1.95 -2.26

Work Area

Antecedent Precipitation Factors tkey 0.25

Recuerence Interval (yrs) Ca (base 4.44

2 1 Idelta -5.44
10 1
25 11
50 1.2
100 1.25

Results

Height drop of water travel: 9 f

Antecedent Precipitation Factor (Ca) 1.25

C*Ca 0.63

Basin Slope: 2.9%

Time of Concentration (Tc): 0.09 hrs 5.1 min {Kirpich formula)

Tc for analysis: 0.31 hrs 18.6 min {max of Kirpich or TR-55)

Average Water Velocity: 1.0 f's

Intensity () 4.1 infhr

Q (=CCalA) 33 cls

12:41:30 08/02/95 CHARCORICO\SSRUNOFF . WEB1 -



Time of Concentration by TR-55 Methodology

: 101.9502
oject:  Rico
By: ACJ
Location: Silver Swan
Basin; Pile runoff
Storm analyzed: 100 yr 6 hr
A. Sheet Flow

1. Surface description Grass

2. Manning's RC (n) 0.24

3. Flow length, L 150|ft (MAX IS 300)

4. rainfall 4.41in Suggested:

Beginning Elevation 8700

Ervling Elevation 8697

5. Land slope, s 0.0200| M

6. Tt= 0.007(nl)* 8/(p2*.5°s* 4) 0.291|tr 17.4 min
13. Shallow Concentrated Flow

7. Surface description Unpaved

8. Flow length, L 150|R

Beginning Elevation 8697

Ending Elevation 8685

9. Watercourse slope, s 0.01 1M

10. Average Velocity, V 23|

11. Tt= LI(3600V) 0.018|hw 1.1 min
C. Channel Fiow

Q {base flow from w's subarea) 0

0 Q (calculated - guess on first Reration) 0.8 (use about 1/4 of calculated O at end of channel);

Q (total) 08

Q (adjust flow area so to match this Q to abol 08

12. Cross section flow area, a 0.21f2

13. Wetted perimeter, pw 1.41# (calculated) Assumes V channel, 2H:1V)

14, Hydraulic radius, =a/pw 0.5411t

Beginning Elevation 8695

Ending Elevalion 861

15. Channel slope, s 0.27

16. Mannings RC, n 0.05

17. V=1 49{(r"2/3)s".5)n 4155

18. Flow Length 15|f

19. Tt= L3600V 0.00|hr 0.1 min
D. Subarea Te

20Tt 031 hr 186 min
E. Basin Statistics

Elevation Drop; 9f

Horizontal Flow Length; IS5 f

Rle SH1-1

12:41:46 08/02/95 CVARCOWRICOWS SRUNOFF WA
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C1B DOLORES RIVER HYDROLOGY



Attachment C1B-1
Validation of Hydrologic Reports



MEMORANDUM

TO: FILE PROJECT: RICO SITE
ENVIRONMENTAL SUPPORT
SERVICES

FROM: GEA JOB: 101-9502

DATE: 5/8/95
RE: VALIDATION OF HYDROLOGIC REPORTS AT THE RICO SITE
Review of Existing Hydrologic Studies

Overview
Two existing reports address the hydrology of the Dolores River Basin in the Rico area .

1.) Flood Hazard Areas Anaconda Mining Sites
Dolores River And Silver Creek
Rico, Colorado
Dames and Moore, January 1981

2.) Report on Environmental liability Assessment
of Rico-Argentine Mining Company
Rico, Colorado
Camp Dresser & McKee (CDM)
September 1979

FLOOD MAGNITUDE ANALYSIS OF THE DOLORES RIVER AND SILVER CREEK.
Dames and Moore:

The Dames and Moore report’s objective was to determine the floods with recurrence
intervals of 2, 10, 50, 100, 200, 500 intervals, the Standard Project Flood, and define the
flood plain for the 100 year and SPF at the mine sites under existing conditions.

Several methodologies were used to determine flood estimates within the range of frequencies
listed above.

A.) Floods with Return Periods ‘
1.) Frequency analysis: Annual maximum flows from the USGS gage below Rico
(USGS No.09165000) were used to develop flood estimates with the specified
recurrence infervals. At that point in time (1980) the gage had a data record of 29
years. Appropriate methodologies were used to assess the adequacy of the data set

draft ricoff 5/12/95



for statistical analyses. These included tests for: reliability, trends, shifts and
independence. Analysis indicated the presence of one low outlier and data was .
correspondingly adjusted. A Log Pearson Type III distribution was used in the

analysis. Peak flows from the frequency analysis were then adjusted according to the

expected probability method. Results are shown in Table 1.

2.) Regional Regression Analysis: Regression equations developed from regional
data by the Colorado Water Conservation Board associate annual flood peaks as a
function of drainage basin area. This methodology was used both on the Dolores
River and Silver Creek. Table 1 contains the results.

3.) Snowpack Water Equivalent Regression Analysis: A regression analysis was
performed using snow water content on April 1 and annual flood peaks as parameters.
Data records from three snow course sites in the Dolores river basin were utilized.
Record lengths for the snow sites were 45 years, 36 years and 45 years. A frequency
analysis was then conducted using a Log Pearson Type III distribution to determine
snow-water contents for given return periods. The assumption was then made that the
given water content and return period would produce a flood having the same return
period. These water contents were then used in the regression equation correlating
flows with snow water content. Results are listed in Table 1.

4.) Hec-1 Analysis: A Hec-1 analysis was conducted using the Degree - Day
Method to generate a basin hydrograph from the snow melt runoff. Two simulations
for two return periods were conducted. One used the water content with 2 10 year
and 100 year return period in conjunction with the mean temperature. The other
simulation used the mean water content with temperatures having return periods of 10
years and 100 years. Hec-1 input files were not provided in the report therefore now
review of input data was conducted. Results are listed in Table 1.

B.) Standard Project Flood: In order to estimate the SPF a Hec-1 analysis was conducted
for the Dolores River and Silver Creek using the PMP to generate the PMF. The SPF was
then taken as 50% of the PMF. While the snowmelt was identified as the mechanism for
annual floods the PMF was based upon a rainfall induced event. The PMP was obtained
from the "Army Corps of Engineers Hydrometeorlogical Report No. 49", Results are listed
in Table 1

Camp Dresser & McKee
The CDM report’s purpose was to determine necessary corrective measures needed to correct
the former mining and manufacturing site in Rico. A portion of this study addressed peak

flows with return periods for Silver Creek and the Dolores River.

A.) Floods with Return Periods

draft ricoff 5/12/95



1.) Frequency Analysis: No apparent frequency analysis was conducted by CDM on
the Rico gage data. CDM does provide a an exceedence curve (Figure 2) based upon
flow records from the Dolores River below Rico gage. No reference/discussion is
provided on the development or source of Figure 2. Data from Figure 2 is used in
the regional regression analysis.

2.) Regional Regression Analysis: CDM used two regional regression methods to
estimate peak flows for Siiver Creek and the Dolores River. They confined their
estimate to the flood with a 100 year return period. Both regional regression analyses
relate peak flows with a specified return period to drainage basin area. One analysis
was conducied by CDM the other by the State of Colorado Water Conservation
Board. Limited information is provided on the development of the CDM analysis.
Results are presented in Table 2. '

Comments

The Dames and Moore report provides a rigorous peak flow analysis using several different
methodologies. Certain assumptions used in the analyses have weaknesses (i.e. flood
frequency equal to the snow-water content/temperature frequency). However the overall
agreement between methods indicate estimates are reasonable.

The CDM peak flow analysis is not as robust or documented as well as the analysis
conducted by Dames and Moore but yields similar results for the return periods examined.
CDM’s overall agreement with the Dames and Moore estimates provides additional
confidence for the peak flow estimates.

Both reports identify the annual floods on the Dolores and Silver Creek as snow-melt
induced. Report data from the USGS Dolores River Below Rico indicate annual maximum
flows occur in the spring from May 3 through June 19. There is one annual maximum in the
data record which occurred in the fall (9/6/70) of 1930 cfs indicating the event was most
likely rain induced. CDM’s report notes that regionally most annual floods are snow-melt
induced during the spring but are smaller in magnitude than the infrequent floods during
September and October which would be rain induced. This is also stated in the State of
Cotlorado’s Technical Manual No. 1 for the Southern Plateau Region. The SPF and the PMF
would most likely be rain induced.

For floods on the Dolores River with return periods the frequency analysis conducted by
Dames and Moore provides the best estimate because it is based upon actual data.

For floods on Silver Creek it is necessary to use estirnates based upon the regional regression
analysis. Considering the good agreement between the regional regression analysis and the
frequency analysis for the Dolores River, the regional regression methodology should yield a
reasonable peak flow estimate on Silver Creek.
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Hec-2 Review

Dames and Moore conducted a Hec-2 analysis for the Dolores River and Silver Creek for the
100 year and the SPF events. Both subcritical and supercritical simulations were conducted.
Input/output (I/0) data were reviewed 1n detail for the 100 year subcritical profile. The
review considered:

Output Error Statements

Reach lengths and Cross Section Spacing

Mannings n Values

Expansion/Contraction Coefficients

Bridge Routines

Discharge Changes at Stream Junctions

Supercritical Reaches '

Lack of input data in an ASCII format somewhat limited the review.

Output for the subcritical profiles is generally free from any significant errors. Cross-section
spacing appears adequate. Cross-sections are orientated looking upstream, opposite the
standard downstream orientation. Overbank reach lengths are the same as the channel reach
lengths in effect simulating a straight flood channel. This does not represent the actual
system nor the cross-sections illustrated in Plates 7 through 13. Reach lengths should
represent changes in direction of the mass flow path. Mannings n values appear reasonable
but should be validated through photographs or a field visit. Expansion and contraction
coefficients were not adjusted for bridge locations. The sensitivity of the profile simulation
to these expansion contraction coefficients varies based upon the velocities. Usually changes
in the expansion/contraction coefficients result in small changes in flood stage. Normal
bridge routines were used’ throughout the profile simulation, including the culverts on Silver
Creek (n values were changed through the culvert to represent coated metal). Output data
indicates the bridge near the Santa Cruz mine would be overtopped during the 100 year flood
as well as the culverts in Silver Creek. No discharge adjustment is made at the junction of
Silver Creek and the Dolores, therefore profile calculations upstream of the Silver
Creek/Dolores confluence represent the full magnitude of the 100 year flood (i.e. includes
contribution from Silver Creek, a conservative simplification). Output data indicates
supercritical flow in Silver Creek reach adjacent to the upper three ponds (this reach includes
velocities of 40 fps during the 100 year flood). Output for the Dolores profile indicates a
supercritical reach immediately downstream of the Route 145 bridge.

Comments

The profile analysis appears to yield reasonable results for existing conditions in 1979, The
most significant weakness is in the representation of the overbank reach lengths which fails
to account for changing flow path lengths in the overbank areas. As these reach lengths are
used to calculate energy losses between cross-sections, this could effect computed water
surface elevations. Recommended expansion/contraction coefficients should be utilized
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anywhere significant expansions or contractions exist.

For preliminary design the existing analyses should be adequate for final design refinements
may be necessary. o

Recommended Additional Work

Assuming the Dolores River USGS gage has been active since 1980, the additional data
would increase the data record by almost 50% (14 years). Revaluating the frequency
analysis would provide the best estimate for peak flows with return periods.

Any revisions/updates to the State of Colorado’s regional regression analysis should be
utilized to provide the best estimate for the Silver Creek peak flows with return frequencies.

If a design flood other than the 100 year or the SPF is chosen additional profile simulations
will be required.

Changes/improvements in the Silver Creek channel and their affect on the profile and channel
velocities should be investigated.

Any design features encroaching on the flood plain should be sirulated.

Summary

Two reports containing hydrologic analyses were reviewed for adequacy. Both contained
flood frequency analyses that were in good agreement utilizing several methodologies. Thus
the flood frequency estimates are considered to be reasonable values based upon strong
analyses. An updated flood frequency analysis is recommended based upon the additional
record length of flow data on the Dolores River Rico gage. The Dames and Moore report
also conducted a river profile analysis using the Hec-2 model. Profiles were calculated for
the 100 year flood and the SPF on the Dolores river and Silver Creek. The simulations have
some deficiencies but appear adequate for preliminary design work. Design flows other than
the 100 year and the SPF and/or design features encroaching into the flood plain will require
modification of the existing simulations.
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TABLE 1

05/12/95
DOLORES RIVER PEAK FLOW SUMMARY
DAMES AND MOORE
PEAK FLOWS PEAK FLOWS REGIONAL HEC-1 ANALYSIS
FREQUENCY ANALYSIS REGRESSION ANALYSIS
LPIl  EXPECTED  AREA WATER CONTENT VARYING  VARYING
RETURN PERIOD  PEAK FLOW PROBABILITY DEPENDENT DEPENDENT  TEMPERATURE WATER CONTENT  PMF SPF
(ST. OF COLO.)
(YRS) (CFS) (CFS) (CF$) (CFS) (CFS) (CFS) (CFS)  (CFS)
2 1249 1249 1280 1230
10 1871 1620 1865 1752 1942 1837
50 2395 2480 2390 2028
100 2604 2720 2690 2120 3064 2014
200 2810 2960 3100 2192
500 3075 2400 3783 2275
> 10000 15846 7900
CAMP DRESSER AND McKEE
PEAK FLOWS REGIONAL
RETURN PERIOD REGRESSION ANALYSIS
AREA DEPENDENT
COM ST OF COLO
(YRS) {CFS) (CFS)
2
10
50
100 2700 26862
200

500




® e

TABLE 2

SILVER CREEK PEAK FLOW SUMMARY

DAMES AND MOORE CAMP DRESSER AND McKEE
REGRESSION PEAK FLOWS REGIONAL
RETURN PERIOD  ANALYSIS HEC-1 REGRESSION ANALYSIS
AREA PMF SPF AREA DEPENDENT
DEPENDENT
(ST. OF COLO.) COM ST OF COLO
(YRS) (CFS) (CFS)  (CES) (CFS)  (CF$)
2 200
10 305
50 456
100 528 530 494
200 600
500 703
> 10000 4000 2000
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ATSTORE PEA!.!LON FILE RETRIEVAL PCM. J980 ~ RUN DATE : 18 MAY 95 10.25,22
ROGRAM LAST REVISED : 2 OCT 83 18,.25.23

4 EXPLANATION OF PEAK DATA CODES atiaen
DISCHARGE QUALIFICATION CODES:

1...DISCHARGE IS A MAXIMUM DAILY AVERAGE

2...DISCHARGE IS AN ESTIMATE

3...DISCHARGE AFFECTED BY DAM FAILURE

4...DISCHARGE LESS THAN INDICATED VALUE, WHICH I3 MIMIMUM RECORDABLE OISCHARGE AT THIS SITE
$...DISCHARGE AFFECTED TO UNKNOWN DEGREE BY REGULATION OR DIVERSION

6,..DISCHARGE AFFECTED BY REGULATION OR DIVERSION

7...DISCHARGE IS AN HISTOQRIC PEAK

8...DISCHARGE ACTUALLY GREATER THAM INDICATED VALUE

9...DISCHARGE DUE TO SNOWMELT, HURRICANE, ICE~-JAM OR DEBRIS DAM BREAKUP

A,..YEAR OF OCCURRENCE IS UNKNOWN OR NOT EXACT

B...MONTH CR DAY OF OQCCURRENCE IS5 UNKMNOWMN QR MNOT EXACT

C...ALL OR PART OF THE RECORD AFFECTED BY URBANIZATION, MINING, AGRICULTURAL CHANGES, CHANNELIZATICON, QR OTHER
D...BASE DISCHARGE CHANGED DURING THIS YEAR

E...ONLY ANNUAL MAXIMUM PEAK AVAILABLE FOR THIS YEAR

GAGE HEIGHT QUALIFICATION CODES:

1...CAGE HEIGHT AFFECTED BY BACKWATER

2...GAGE HEIGHT NOT THE MAXIMUM FQR THE YEAR
J...GAGE HEIGHT AT DIFFERENT SITE AND/CR DATUM
4...GAGE HEIGHT BELOW MINIMUM RECORDABLE ELEVATION
5,..GAGE HEIGHT IS AN ESTIMATE

6...GACE DATUM CHANGED DURING THIS YEAR

LS No‘rEs kR

ASE DISCHARGE {(IF REPORTED) MAY NOT BE EFFECTIVE FOR ENTIRE PERIOD OF RECORD; CURRENT VALUE USED.

AGE DATUM (IF REPORTED) MAY NQT BE EFFECTIVE FOR ENTIRE PERIOD OF RECORD; CURREMT VALUE USED.

ETRIEVAL SPECIFICATIONS FOR REQUEST NUMBER 01 ARE AS FOLLOWS:
CARD: M 195110 198009 ; . 01
EAK FLOW RETRIEVAL NUMBER 01 IS5 FOR WATER YEARS 1952 THROUGH 1980
HE FOLLOWING HAVE BEEN REQUESTED:
++..LONG FORMAT PRINTQUT
+ s+ STANDARD RECORD FORMAT

LLGYECTOR CONMMAT(FRCH X CARD) =-=-XJd07 $JUB=-FOR GEORGE AUSTIGUY

UMBER OF SITES RETRIEVED: 1
UMBER OF RECORDS RETRIEVED: 29

ND OF RETRIEVAL PROCESSING

STATION 09165000 DOLORES RIVER BELOW RICO, CO.
AGENCY : UsSGs STATICN LOCATOR DRARIMAGE AREA: 105.00 5Q MI
STATE: o8 LAT. LONG. CONTRIBUTING

COUNTY : £33 DRAINAGE AREA: 5Q MI



DISTRICT: o8 373320 1089335 onGE DATUM: 8422.23 {NGVO}

BASE DISCHARGE: 800.00 CFs

WATER PEAK DISCHARGE GAGE  GAGE HT HIGHEST MAX GAGE GAGE HT  NUMBER OF
YEAR GATE DISCHARGE CODES HEIGHT  CODES  SINCE HEIGHT DATE CODES PARTIAL PEAKS
(CFS} (FT) {FT)
1952 06/18/52  2120.00 , 6.15 . 3
05/05/52 1190.00 5.20
05/14/%2  1370.00 5.4
07/06/52 1030.00 1.¢8
1953 05/28/53 1460.00 3,30 2
06/03/53 1030.00 ‘ 4.65
06/12/53 1170.00 1.89
1954 05/21/54 786.00 4.30 0
1955  06/08/5% 1360.00 5.15 0
1956  05/31/56  1020.00 4,65 0
1957  06/05/57  2080.00 6.07 2
06727751  2000.00 5.77
07/26/57 1520.00 5,38
1958 0§/27/58 1500.00 5.60 2 5.7%  06/05/58 2
05/11/58  1050.00 1.81
06/05/58  1060.00 5.75
1959  05/15/59 585.00 4.15 9
1960 06/03/60 1170.00 5.05 3
05/12/60 1060.00 4.90
0$/22/60 833.00 4,57
06/16/60 938.00 4.78
1961 05/19/61 1020.00 4.85 1
06/02/61 994.00 4.81
1962 05/09/62 1190.00 5.05 ) 1
06/13/62 860.00 4.60
1963 05/08/63 867.00 4.50 1
05/16/63 811.00 4.4%
1964 05/26/64 1220.00 5.09 2
05/17/64 1180.90 5.01
06/06/64 902.00 4.66
1965 05/21/65 1330.00 5.17 5
05/02/65 $09.00 1.61
06/07/65  1080.00 1.91
06/20/65  1300.00 5.14
07/02/65  1050.00 4.7
07/12/6%  1060.00 1.73
1966  05/09/66 951.00 4.60 1
| 05/23/66 874.00 4.52 :
1967 05/21/867 769.00 4.40 0
1968 06/04/€8 1366.00 5.00 2
05/22/68 930,00 4.60
06/16/60 1200.00
1969 05/30/6%  1210.00 4.76 2
05/23/6%  1000,00 4.60
06/09/69 811.00 4.23
1970 09/06/70  1530.00 5,88 1
45/17/70  1420.00 5.08
197 06/17/71 1100, 00 4.66 0
1972 06/08/72 776,00 4.4 0
1973 06/11/73  1810,00 5.69 1
05/19/13  1420.00 5.23
1974 05/10/ M4 783.00 a.41 o
1975 06/G5/15 1620.60 5.43 t
06/15/75% 1600, 00 5.38
1976  06/04/76 958,00 4.73 1

03/717/76 909.00 4.62

1977 ‘/oern 270.00 1.41 . 0 .




1974 .ollO/'?B 1330.00 5.12

1979 06/13/79 1600.00 5.36
05/29/79 1380.00 5.20
06/06/79 1560.00 5.6

1980 06/10/80 1770.00 5.57
05723780 1050.00 4.714

ND OF PROGRAM J980.

GM J407 VER 3.7 U. 5. GEOLOGICAL SURVEY
REV 11/5/81} ANNUARL PEARK FLOW FREQUENCY ANALYSIS
FOLLOWING WRC GUIDELINES BULL. 17-B.

XECUTION BEGINWING AT DATE, TIME = $/18/95 1025

HPUT FORMAT = 1 WATSTORE PEAK FILE RETRIEVAL

EXPLANATION OF PEAK DISCHARGE QUALIFICATION CODES

J407 FILE MEANING



o] 3 DAM FATLURE, NON-RECURAENT FLOW ANOMALY

G a DISCHARGE GREATER THAM STATED VALUVE

X +8 BOTH GF THE ABOVE

L 4 DISCHARGE LESS THAN STATED VALUE

K 6 OR C KNOWN EFFECT OF REGULATION OR URBANIZATION
K 1 HISTORIC PEAK

EPORT TROUBLE TO WATSTORE USER ASSISTANCE.

J497 -- REVISED FOR USE WITH W.R.C. BULLETIN 17-B. 8/1/81
PEAK FLOW FILE RETRIEVAL VERSION

PRINCIPAL CHANGES INCLUDE -~

== HIGH QUTLIER TEST

-= MORE SENSITIVE LOW QUTLIER TEST

STATION SKEW ADJUSTMENT FOR LOW QUTLIERS AND ZERQ FLOWS

~- WEIGHTED AVERAGING OF STATIOM AND GENERALIZED SKEWS IN
INVERSE PROPORTION TO ESTIMATED MEAN SQUARE ERRORS.

FOR DETAILS, SEE WATSTORE USER'S GUIDE, VOL.4, CH.I (19681
REVISION), SEC.C.

NQ CHANGES IN JOB INPUT PREPARATICON ARE REQUIRED IN RETRIEVAL MODE
MINCR CHANGES MAY BE REQUIRED I[N STANDALONE (CARD INPUT} MODE.

NOTE -- IN STANDALONE MODE ([CARD INPUT), A WEW FORMAT IS5 USED FOR
HISTORIC AND OUTLIER INFCRMATION. SEE WATSTORE USER’S GUIDE,
VoL.4, CH.L, SEC.C.2.K (1961 REVISION). NO CHANGE 15 NEEDED
FOR STATIONS HAVING NO HISTORIC/QUTLIER INFORMATION.

NQTE -~ IN STANDALONE MODE, USE REGION=14QK ON THE EXEC CARD.

NOTE == SUMMARY OUTPUT IS PRODUCED BY DEFAULT, UNLESS SUPPRESSED BY
THE NOBC OPTION. (BCPU IS THE DEFAULT OPTION.) BCRU QUTPUT

ORDINARILY GOES TO A TEMPORARY DATA SET NAMED LeBCCARDS, WHICH IS
AVAILABLE TO LATER STEPS OF THE JOB IN WHICH IT WAS CREATED, BUT
IS DELETED AT THE END OF THE JO8. TO GET A PERMANENT ONLINE DATA
SET, TYPE BCU=ONLINE,BCDS=’USERID.DATA.SET.MAME* ON THE EXEC
CARD FOR PKWRCA. TO GET ACTUAL PUNCHED CARDS, TYPE BCOUT=SYSOUT
[NSTEAD. SEE WATSTORE USER'S GUIDE VOL.4, CH.I, SEC, €.2.0C & H.

NOTE -- OLD J407 PROGRAM IS STILL AVAILABLE FCOR TESTS AND COMPARISONS
TO USE IT, TYPE PROG»~J407A ON THE EXEC CARD.

GM J407 VER 3.7 U. 5. GEQLOGICAL SURVEY
REV 11/5/81) ANNUAL PEAX FLOW FREQUENCY ANALYSIS =FOR GEORGE AUSTIGUY

FOLLOWING WRC GUIDELIWES BULL. 17-8, RUN-DATE 5/18/95 AT 1025 SEQ 1.0001
OPTIONS IN EFFECT =-- PLOT BCPU LGPT NODB PPOS NORS EXPR CLIM

STATION - .SDOU /UsGS DOLORES RIVER BELOW RICO, CO, .952-1980 09165000 /USGs .




INPUT DATA SUMMARY

-- YEARS OF RECORD --  HISTORIC  GENERALIZED STD. ERROR OF  SKEW GAGE BASE USER-SET QUTLIER CRITERIA
SYSTEMATIC  HISTORIC PEAKS SKEM GENERAL. SKEW  OPTION DISCHARGE HIGH QUTLIER LOW OUTLIER
29 0 ¢ ~0.114 -- WRC WEIGHTED 0.0 - --

TITTYY NOTICE -~ PRELIMINARY MACHINE COMPUTATIONS. nArraaxan
swashssss  USER RESPONSIBLE FOR RSSESSMENT AND INTERPRETATION, #wsasenss
WCF1341-NO SYSTEMATIC PEAKS WERE BELOW GAGE BASE. 0.0
WCF1981-LOW CUTLIERS PELOW FLOOD BASE WERE DROPPED. 1 378.9
WCF163I-NO HIGH QUTLIERS OR HISTORIC PEAKS EXCEEDED HMBASE. 2907,7

ANNUAL FREQUENCY CURVE PARAMETERS -- LOG-PEARSON TYPE III

FLOOD BASE LOGARITHMIC
FLOOD BASE EXCEEDANCE LOGARITHMIC STANDARD LOGARITHMIC
DISCHARGE PROBABILITY MEAN DEVIATION SKEW
SYSTEMATIC RECORD o.0 1.0000 3.0634 0.1992 =1.255
@ R C ESTIMATE 378.9 0.9655 3.0783 0.1535 -0,166

ANNUAL FREQUENCY CURVE ORDINATES -- DISCHARGES AT SELECTED EXCEEDANCE PROBARILITIES

ANNUAL *EXPECTED 95-PCT CONFIDENCE LIMITS
EXCEEDANCE WRC SYSTEMATIC PROBAPILETY’ FOR W R C ESTIMATES
PROBABILITY ESTIMATE RECORD ESTIMATE LOWER UPPER
0.9950 - 226.2 -- - -
0.9900 - 287.0 - - -
0.9500 658.7 499.5 636.0 535.3 162.7
0.9900 756.8 643.5 737.9 634.3 861.0
¢.8000 892.1 842.3 g01.% 771.8 1000.9
0.5000 1209.2 1265.2 1208.2 1083.0 1351.5
0.2000 1616.4 1672.6 1634.5 1440.3 18710.2
0.1000 1871.0 1852.5 1911.6 1645,2 2226.5
0.0400 2174.0 2000.9 2253.6 18680.48 2660.1
0.0200 2397.3 2089.4 2541.8 2043.6 3017.6
0.0100 2609.5 2148.4 .y N 2197.8 3353.¢
0.0050 2016,8 2192.2 3641.7 2345.6 3689.7
0.0020 3085.4 2233.6 ) 2533.6 4136.4
GM J407 VER 3.7 U. S. GEOLOGICAL SURVEY
REV 11/5/81) ANNUAL PEAK FLOW FREQUENCY ANALYSIS -FOR GEORGE AUSTIGUY
FOLLOWING WRC GUIDELINES BULL. 17-8, RUN-DATE 5/1B/95 AT 1025  sEq
STATION = 09165000 /USGS  DOLORES RIVER BELOW RICQ, CO, 1952-1580 09165000
SLLETETYE NOTICE ~- PRELIMINARY MACHINE COMPUTATIONS. Saxaannan

essasmave  SER RESPONS[BLE FOR ASSESSMENT AND INTERPRETATION, Aswnwssse

INPUT DATA LISTING EMPIRICAL FREQUENCY CURVES -~- WEIBULL PLOTTING POSITIONS
WATER WATER RAMKED SYSTEMATIC WRC
YEAR DISCHARGE  CODES YEAR DISCHARGE RECORD ESTIMATE
1952 2120,0 1952 2120.0 0.0323 0.0333

1953 1460.0 1957 2080.0 06.0687 0.0667

L.0001

/UsSGS




254 7186.0 1970 1930.0 0.1000 0.1000
1955 1360.0 1958 1900.0 0.1333 0.1333
1956 1020.0 1973 1810.0 0.1667 0.1667
1957 2080.0 1980 1770.0 0.2000 0.2000
1958 1900.0 1975 1620.0 0,2333 0.2333
1959 $85.0 1979 1600.0 0.2667 0.2667
1960 1170.0 1953 1460.0 0.3000 06,3009
1961 1020.0 1455 1360.0 0.3333 7 0.3333
1962 1190.0 19638 1360.0 0.3667 0.3667
1963 ae7.0 1965 1330.0 0.4000 0.4000
1964 1220.0 1978 1330.0 0.4323 0.4373
1965 1330.0 1964 1229.90 0.4687 0.46867
1966 951.0 1969 1210.0 0.5000 0.5000
1967 769.0 ’ 1962 1190.0 0.5333 0.5333
1968 1360.0 1960 1170.0 0,5667 0.5667
19569 1210.9 1971 1100.0 0.6000 0.6000
1970 1930.9 1956 1020.0 0.63323 0.6333
197 1100.0 1961 1020.0 0,6667 0.6667
* 1972 176.0 1976 959.0 0.7000 0.7000
1973 1810.49 1966 951.0 a.7323 06.7333
1974 T83.9 196) 467.0 0.7667 0D.7667
1975 1620.0 1954 786.0 0.8009 9.8000
1376 958.9 1974 783.0 0.8333 0.8333
1977 270.0 1972 7716.90 0.08667 0.8667
1978 1330.9 1967 T69.0 0. 9000 0.9000
1979 teQ0,0 1939 585.,0 0.93313 9.9332
1980 1770.0 1977 270,90 0.9667 0.9887
GM J407 VER 3.7 U, 5. GEQLOGICAL SURVEY
REV 11/%/B1) ANNUAL PEAK FLOW FREQUENCY ANALYSIS ~FOR GEORGE AUSTIGUY
FOLLOWING WRC GUIDELIMES BULL. 17-B. RUN-DATE 5/18/95 AT 1025 SEQ 1.0001
STATION ~ 09165000 JUsGs DOLORES RIVER BELOW RICO, CO, 1952-19840 09165000 fUsGs
10000.0 #-———rpm——mmmman— o o + + * + — - + o et e e e
| I | | f | i | | | | | | | 1
| 1 | | [ i | | | | l | | | 1
| | i I | | | | | t | | ! | }
| | *#%%ta NOTTCE *wnan+s NOTICE sxwass 1 | 1 § | I i § |
| | * PRELIMINARY MACHINE COMPUTATION, ® | | | i | I | i |
| | * USER IS RESPONSIBLE FOR ASSESS— * | | | | | i 1 f ]
| [ * MENT AND INTERPRETATION. * | | | ! | [ i | i
] | AtdarAAARRRANRRAS kRN AR SARAA TRk | | | t | | 1 | t
| 1 | | H 1 | | | l | | t l |
3160,0 #rm==4 + + + + - -+ + + + + * Fom—— L
| ! PLOT SYMBOL KEY | | | | | | ! | . H
| | * WRC FINAL FREQUENCY CURVE | | | i ! | . . | i
| 1 O OBSERVED (SYSTEMATIC) PEAKS | | | ] t | *0 « | [ ! #
| | 5 HISTORICALLY ADJUSTED PEAKS | | | | c 0 o * 14 I | t
1 ) I SYSTEMATIC-RECORD FREQ CURVE| | | 0 9 . | t | f |
| 1 WHEN POINTS COINWCIDE, ONLY THE | | Foos | | ( i | I
t 1 TOPMOST SYMBOL SHOWS. | | 0O | | i | | | |
| 1 | | f | Q A QOws | 1 1 ] | | | 1
1 | | | | i LI | ] | | | 1 | | |
1000.0 #-r-mjpo—m—-mm——mem - Fmm e m—— e b =G + ———— + + * g + - -
| | | | *0 | | I ! ! | I ! I |
| | [ 0o 0 0 | | | t | | | | | t
| | | | i | | | | | | | | I |
| ( ho * t | | 1 | | | i | i 1
| | 1 0 1 t ! ) I | | | t i f |
| | ! [ | | | | t | H | | | |
| | ot f | | | | | 1 t t I ( 1
| 1 ! t { 1 | | | | 1 ( | I | |
1 | t i i I | | | | I | | [ I f
316,00 go——mdm——wm e == fmmm—mn—— pmm——— frmmmm—— * _—— + ——— -+ * + rm——— +
. 1 o ' i i i | 1. ! ) oo [ .
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REY

1.0002

SEQ

RUN-DATE 5/168/95 AT 1025

17-B.

FOLLOWING WRC GUIDELINES BULL.



ATSTORE PEAK FLOW FILE RETRIEVAL PGM, J980 ~ RUN DATE : 18 MAY 95 10.30.14
ROGRAM LAST REVISED : 3 OCT 83 18.25.2)

A+ EXPLANATION OF PEAK DATA CODES *wats
DISCHARGE QUALIFICATION CODES:

t,..DISCHARGE IS A MAXIMUM DAILY AVERAGE

2...DISCHARGE 1S AN ESTIMATE

3...PISCHARGE AFFECTED BY DAM FAILURE

4...DISCHARGE LESS THAN INDICATED VALUE, WHICH IS HINIMUM RECORDABLE DISCHARGE AT THIS SITE
5...0DISCHARGE AFFECTED TO UNXNOWN DEGREE BY REGULATION CR DIVERSION

6...DISCHARGE AFFECTED BY REGULATION OR DIVERSICN

7...DISCHARGE IS AN HISTORIC PEAK

8...DISCHARGE ACTUALLY GREATER THAN INDICATED VALUE

9...DISCHARGE DUE TO SNOWMELT, HURRICANE, ICE-JAM OR DEBRIS DAM BREAKUP

A...YEAR OF OCCURRENCE IS5 UNKNOWN OR NOT EXACT

B...MONTH OR DAY OF QCCURRENCE IS UNKNQWN OR WOT EXACT

C...ALL OR PART OF THE RECORD AFFECTED BY URBANIZATION, MIMING, AGRICULTURAL CHANGES, CHANNELIZATION, OR OTHER
D...BASE DISCHARGE CHANGED DURING THIS YEAR

E...ONLY ANNUAL MAXIMUM PERK AVAILABLE FOR THI3 YEAR

GAGE HETIGHT QUALIFICATION CODES:
1...GAGE HEIGHT AFFECTED BY BACKWATER
2...GAGE HEIGHT NOT THE MAXIMUM FOR THE YEAR
3...GAGE HEIGHT AT DIFFERENT SITE AND/OR DATUM
4, ..GAGE HEIGHT BELOW MINIMUM RECORDABLE ELEVATION

S...GAGE HEIGHT IS5 AN ESTIMATE
6...GAGE DATUM CHANGED DURING THIS YEAR

*a NOTES #4wws+

ASE DISCHARGE (IF REPORTED) MAY NOT BE EFFECTIVE FOR ENTIRE PERIOD OF RECORD; CURRENT VALUE USED.

AGE DATUM {IFf REPORTED) MAY NOT BE EFFECTIVE FOR ENTIRE PERIOD OF RECORD; CURRENT VALUE USED.

ETRIEVAL SPECIFICATIGNS FOR REQUEST NUMBER 01 ARE AS FOLLOWS:

CARD: M 199409 0l
EAK FLOW RETRIEVAL NUMBER 01 IS FOR ALL YEARS THROUGH 1994

HE FOLLOWING HAVE BEEN REQUESTED:

++ .- LONG FORMAT PRINTOUT

++++3STANDARD RECORD FORMAT

+...VECTOR FORMAT(FROM X CARD) --XJ407 $JOB=-FOR GEORGE AUSTIGUY

UMBER OF SITES RETRIEVED: 1
UMBER OF RECCRDS RETRIEVED: 413

ND OF RETRIEVAL PROCESSING

STATION 09165000 DQLORES RIVER BELOW RICQ, CO.

AGENCY: UsGs STATION LOCATOR DRAINAGE AREA: 105.00 SQ MI

STATE: 08 LAT. LONG. TRIBUTING
. COUNTY: 033 INAGE AREA: SQ MI .




RGE DATUM: 8422.23 {NGVD)
BASE DISCHARGE: 800,00 CFS

. DISTRICT: 03 373820 1080335

WATER PEAK DISCHARGE GAGE GAGE HT HIGHEST MAX GAGE GAGE HT  NUMBER OF
YEAR DATE DISCHARGE CCDES HEIGHT CODES  SINCE HEIGHT DATE CODES PARTIAL PEAKS
{CF3) {FT) (FT)
1952 06/10/52 212¢.00 6.15 . k]
05/05/52 1190.00 $.20
05/14/52 1370.00 5.4
071/06/52 1030.00 4.68
1953 057287583 1460.00 3.30 2
06/03/53 1030.00 . 4.69
. 06/12/83 1170.00 ’ 41.99
1954 08/21/54 786.00 4.30 1}
1955 06/08/55 1360.00 5,15 0
1956 05/31/5%6 1020.00 4.65 0
195% 06/05/57 2080.00 6.07 2
06/27/57 2000.00 .77
Q7726757 1520.00 5.38
1958 05/27/58 1900.00 5.60 2 §.7% 06/05/58 2
05/t1/58 1050.00 4,81
06/05/58 1860.00 5.75
1959 05/15/59 585.00 4.15 0
1960 06/03/60 1170.00 $.05 3
045/12/60 1060.00 4.90
05/22/60 833.00 4.57
06/16/60 938.00 4.78
1961 095/19/61 1020.00 4,85 1
06/02/61 994.0¢ 4.81
1962 05/09/62 1190.00 5.05 1
06/13/62 860.00 4,60
1963 05/08/63 867.00 4.50 1
05/16/63 811.900 4.49
1964 05/26/64 1220.00 5.09 2
05/11/64 1180.00 5.01
06/06/64 902.00 1.66
1965 05/21/65 1330.00 5.17 13
05/02/65 909.00 4.61
06/07/65 i080.00 4.91
06/20/65 1300.00 5.14
071/02/65 1050.00 4.711
07/12/65 1060.00 4.73
1968 05/09/66 951.00 4.60 1
05/23/68 874.00 4.52
1967 95/21/767 769.00 4.40 0
1968 a6/04/68 1360.00 5.00 2
05/22/68 930.00 1.60
06/16/68 1200.00
1969 05/33/69 1210.00 4.7% 2
05/23/69 10900.00 4.60
06/09/69 811.00 4.23
1970 09/06/70 1930.00 5.88 1
05/17/70 1420.00 5.08
1971 06/17/71 1100.00 4.66 0
1972 06/08/72 776.00 4.43 0
1973 06/11/73 181¢.00 5.6% 1
05/19/73 1420.00 5.23
1974 05/10/74 T83.00 4.41 0
1975 06/05/75 1620.00 5.43 1
06/15/75 1600.00 5.38
1976 06/04/76 958.00 1.73 1
05/11/76 209.00 4.62

1977 05/09/17 270.00 3,41 0




1978 waf10/78 1330.00 5.12 i}
1979 06/13/79 16006.00 5.36 2
Q5/29/79 1380.00 5.20
06/06/79 1560.00 5.36
1980 06/10/80 1770.00 5.57 1
D&/23/80 1050.00 4.74
1981 06/07/81 876.00 4.37 0
1942 08/25/82 1610.00 §5.19 1
05/29/82 1080.00 4.78 :
1983 06/19/83 1590.¢0 $.40 1
05/30/083 1$50.00 5.4
1934 05/24/04 2170.00 $.95 3
05/15/84 1260.00 . 5.08
06/13/84 1000.00 4.78
06/25/84 1510.00 5.37
1985 06/08/85 1830.00 5.80 3
05/07/85 g99.00 4.480
05/20/85% 1130.00 5.03
06/15/85 1270.00 5.2%
19686 06/06/86 1590.00 5.42 3
a5/04/86 1110.00 4.91
05/26/86 1270.00 5,11
06/14/86 t1080.00 4.84
1987 06/09/87 1150.80 §.18 }
05/17/87 1820.00 4.97
1988 06/06/88 764.00 4,47 0
1989 05/10/89 644.00 4.27 0
1990 06/05/90 938.00 4,66 0
1991 05/20/91 794.400 4,59 0
1992 05/20/92 866,00 4.63 ¢
1993 06/16/93 1490.00 §.23 1
05/31/92 1430.00 5,15
1994 06/03/94 280.00 4.90 o

ND OF PROGRAM J980,

GM J407 VER 3.7 U, 5, GEOLOGICAL SURVEY
REV  11/5/81) ANNUAL PEARX FLOW FREQUENCY ANALYSIS
FOLLOWING WRC GUIDELINES BULL. 17-B.

XECUTION BEGINNING AT DATE, TIME = 5/18/95 1030

NPUT FORMAT = 1 WATSTORE PEAK FILE RETRIEVAL

EXPLANATION OF PEAX DISCHARGE QUALIFICATION CODES

J407 FILE .lN ING




- ol v

k] DAM FAILURE, NON-RECURRENT FLOW ANOMALY
8 DI1SCHARGE GREATER THAN STATED VALUE
3+8 BOTH OF THE ABOVE
L] DISCHARGE LESS THAN STATED VALUE
6 OR C KNOWN EFFECT OF REGULATION OR URBANIZATION
7 HISTORIC PEAK

EPORT TROUBLE TO WATSTORE USER ASSISTANCE.

J407 -= REVISED FOR USE WITH W.R.C. BULLETIN 17-B. 8/1/681
PEAK FLOW FILE RETRIEVAL VERSION

PRINMCIPAL CHANGES INCEUDE =--

«- HIGH QUTLIER TEST

~- MORE SENSITIVE LOW OUTLIER TEST

-= STATION SKEW ADJUSTMENT FOR LCW COUTLIERS AND ZERO FLOWS

-- WEIGHTED AVERAGING OF STATION AND GEMERALIZED SKEWS IN
INVERSE PROPORTION TQ ESTIMATED MEAN SQUARE ERRCAS.

FCR DETAILS, SEE WATSTORE USER‘S GUIDE, VOL.4, CH.T (1881
REVISION), SEC.C.

NO CHANGES IN JOB INPUT PREPARATION ARE REQUIRED IN RETRIEVAL MODE
MINOR CHANGES MAY PE REQUIRED IN STANDALONE (CARD INPUT) MODE,

NOTE -~ IN STANDALONE MODE (CARD INPUT}, A HEW FORMAT IS USED FOR

HISTORIC AND OUTLIER INFCRMATION, SEE WATSTORE USER’S GUIDE,
voL.4, CH.I, SEC.C.2.K (1961 REVISION}. NO CHANGE IS5 NEEDED
FOR STATIONS AAVING NO HISTORIC/OUTLIER INFORMATION.

HOTE -- IN STANDALONE MODE, USE REGION=140K ON THE EXEC CARD,

NOTE -~ SUMMARY OUTPUT [S PROOUCED BY DEFAULT, UNLESS SUPPRESSED BY

THE NGBC OPTION. (BCPU IS THE DEFAULT OPTION.} BCPU QUTPUT

CRDINARILY GOES TO A TEMPGRARY OATA SET NAMED ¢&BCCARDS, WHICH IS
AVAILABLE TO LATER STEPS QF THE JOB IN WHICH IT WAS CREATED, BUT
{$ DELETED AT THE END OF THE JOB. TO GET A PERMANENT ONLINE DATA
5ET, TYPE BCU=OWLINE,BCDS=*USERID.DATA.SET.NAME* ON THE EXEC
CARD FOR PKWRCA. TO GET ACTUAL PUNCHED CARDS, TYPE BCOUT=SYSOUT
IBSTEAD. SEE WATSTORE USER’S GUIDE vOL.4, CH.I, SEC. C.2.G & H.

NOTE -~ OLD J407 PROGRAM IS STILL AVAILABLE FOR TESTS AND COMPARISONS

TO USE IT, TYPE PROG=J407A ON THE EXEC CARD.

GM J407 VER 3,7 . U. 5. GEOLOGICAL SURVEY

REV

11/5/81) ANNUAL PEAK FLOW FREQUENCY ANALYSIS
FOLLOWING WRC GUIDELINES BULL. 17-B.

OPTICNS IN EFFECT -- PLOT BCPY LGPT NODB PPOS NORS ENPR CLIM

STATION - 09165000 /USGS DOLORES RIVER BELOW RICO, CO.

RUN=DATE 5/18/%95 AT 1030

1952-1994

09165000

SEQ 1.0001

fUSGS




)

J—

INPUT DATRA SUMMAMRY

-- YEARS OF RECORD --  HISTORIC  GENERALIZED STD. ERROR OF  SKEW GAGE BASE USER-SET OUTLIER CRITERIA
SYSTEMATIC  HISTORIC PEAKS SKEW GENERAL. SKEW  OPTION DISCHARGE HIGH OUTLIER  LOW OUTLIER
43 0 0 -0.114 - WRC WEIGHTED 0.0 - -~

sannrekae NOTICE -- PRELIMINARY MACHINE COMPUTATIONS. Anwanasan
smssrasss  UYSER RESPONSIBLE FOR ASSESSMENT AND INTERPRETATION,  #assasses
WCF1341-N0 SYSTEMATIC PEAKS WERE BELOW GAGE BASE.. 0.0
WCF1981-LOW OUTLIERS BELOW FLOOD BASE WERE DROPPED. 1 375.4
WCF1631-NO HIGH OUTLIERS OR HISTORIC PEAKS EXCEEDED HHBASE. 3095.9

ANNUAL FREQUENCY CURVE PARAMETERS =~ LOG-PEARSON TYPE III

FLOOD BASE LOGARITHMIC
FLOOD BASE EXCEEDANCE LOGARITHMIC STANOARD LOGARITHMIC
DISCHARGE PROBABILITY MEAN DEVIATION SKEW
SYSTEMATIC RECORD 0.0 1.0000 3.0632 0.1803 =-0.929
W R C ESTIMATE 375.4 0.9787 3.07390 0.1556 =-0.09%

ANNUAL FREQUENCY CURVE ORDINATES =-- DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES

ANNUAL *EXPECTED 95=-PCT CONFIDENCE LIMITS
EXCEEDANCE WRC SYSTEMATIC PROBABILITY’ FOR W R C ESTIMATES
PROBABILITY ESTIMATE RECORD ESTIMATE LOWER UPPER
0.9950 - 278.8 - - -
9.9900 - 336.1 - - -
G.9500 §50.0 533.4 635.6 551.8 735.7
0.9000 T44.9 663.2 732.5% ’ 647.1 831.5%
0.8000 876.7 841.6 069.5 7719.9 966.0
0.3000 11590.0 1232.4 1190.0 1986.2 1304.1
0.2000 1602,1 1648.7 1614.5 1453.7 1801.6
0.1000 1865.5 1858.2 1094,1 1672.4 2145.0
0.90400 2189,1 2064.7 2243.9 1930.5 2586.2
0.0200 2424.2 21685.6 2514.0 2112.7 2917.7
Q.0100 26549,8 2284.89 2780.0 2288.1 3250.6
0.005¢ 2882.9 2367.0 1062.4 2458.8 3586.8
a.0020 3182.9 2455.5 2402.% 2679.7 4038.1
GM J407 vER 3.7 U. 5. GEOLOGICAL SURVEY
REV 11/5/81) ANNUAL PEAK FLOW FREQUENCY ANALYSIS =~FOR GEORGE AUSTIGUY
FOLLOWING WRC GUIDELIMES BULL. 17-B, RUN-DATE §/18/9% AT 1030 SEQ
STATION - 09165000 /UsGs DOLORES RIVER BELOW RICO, CO. 1952-1994 069165000
MAMRARENS NOTICE == PRELIMINARY MACHINE COMPUTATIONS. Arnaseada

*sstassss  YSER RESPONSIBLE FOR ASSESSMENT AND INTERPRETATION.  siswassss

INPUT DATAR LISTING EMPIRICAL FREQUENCY CURVES -- WEIBULL PLOTTING POSITIONS
WATER WATER RANKED SYSTEMATIC WARC
YEAR DISCHARGE  CODES YEAR DISCHARGE RECORD ESTIMATE

952 2120.9 1994 2170.9 0.0227 0.0227
3 1460.0 1952 2120.0 . 0.045% 0. 0455

1.0001

/USGS




.’54 786,0 1957 2080.0} $.0682 0.0682

1955 1360.0 1970 1930.0 0.0999 0.0909
1956 1020.0 1958 1200.0 0.1136 0.1136
1957 2080.0 1985 1830.0 0.1364 0.1364
1958 1900.0 1973 1810.0 0.1591 0.1591
1459 585.0 1980 1770.0 0.1818 0.1918
19648 1170.0 1975 1620.0 0.2045 0.2045
1961 1020.0 1982 1610.0 0.2273 0.2273
19862 1190.0 1979 1609.0 0.2500 0.2500
1963 867.0 1982 1590.0 0.2727 0.2727
1964 1224.0 1986 1590.0 0.295% 0.2955
1965 1339.0 1993 1490.0 0.3192 0.3182
1966 951.0 1953 1460,0 0.3409 0.3449
1967 769.0 ' 1955 1360.0 0.2636 0.3636
1968 1360.0 1968 1360.0 0.3864 Q,3064
1969 1210.0 1963 1330.0 0,409} 0.4091
1970 1920.0 1978 1330.0 0.4318 0.4318
1971 1100.0 1964 1220.0 0.4545 0.4545
1972 776.0 1969 1210.9 0.4773 0.4773
1973 1810.0 1962 119%0.0 0.5000 0.5000
1974 783.0 1960 1170.0 0.5227 0.5227
1975 1620.0 1987 1150.0 0.5455 0.5455
1976 9508.0 1971 1100.0 0.5682 0.5682
1977 270.0 1956 1020.0 0.5909 0.5909
1978 1330.0 1361 1020.0 0.6136 0.6136
1979 1690.0 1994 9890.0 0.6364 0.6364
1980 1770.0 1976 958.0 0.6591 0.6591
1981 878.0 1966 951.0 0.6818 0.6814
1982 1610.0 1990 938.0 0.7045 0.7045
19823 1590.0 1981 78,0 0.7273 0.7273
1984 2170.0 1963 867.0 0.7500 0.7500
1985 1830.0 . 1992 866.0 0.7727 0.7727
1986 1590.0 1991 794,0 0.795% 0.7955
== CONTINUED =--
GM J407 VER 3.7 U. 5. GEOLOGICAL SURVEY
REV 11/5/81} ANNUAL PEAK FLOW FREQUENCY ANALYSIS ~FOR GEORGE AUSTIGUY
FOLLOWING WRC GUIDELIMES BULL. 17-B. RUN-DATE S5/18/95 AT 1030 SEQ 1.0001
STATION - Q91653000 /USGS DOLORES RIVER BELOW RICQ, CO, 1952-1994 09165000 fUSGS
rarhAREN NOTICE -- PRELIMINARY MACHINE COMPUTATIONS. sparhnabn

kAxbatian USER RESPONSTBELE FQR ASSESSMENT MND INTERPRETATION. bbb

INPUT DATA LISTING EMPIRICAL FREQUENCY CURVES -~ WEIBULL PLOTTING POSITIONS

WATER WATER RANKED SYSTEMATIC WRC
YEAR DISCHARGE  CODES YEAR DISCHARGE RECQRD ESTIMATE
== CONTINUED --
1947 1150.0 1954 86,0 Q.8182 0.8182
190848 764.0 1974 781.0 D.840%9 0.8409
1989 644.0 1972 176,0 0.8636 0.8636
1930 936.0 1967 769.0 0.8864 0.8864
1991 794.0 1988 764,0 0.90%91 0.9091
1992 866.0 1949 644.0 0.9MA 0.9218
1993 1490.¢0 195% 585.0 0.9545 0.9545
1994 980.0 19717 270.0 0.97712 0.97713
GM J447 VER 3.7 U. §. GEQLOGICAL SURVEY

REV 11/5/81) ANNUAL PEAK FLOW FREQUENCY ANALYSIS ~FOR GEORGE AUSTIGLY

—




FOLLOWING WRC GUIDELINES BULL. 17-B. E RUN-DATE 5/18/95 AT 1030 SEQ 1.0001

STATION - 09165000 fUsGS DOLORES RIVER BELOW RICO, CO. 1952-1994 29165000 JUSGS
10000.0 + + + + + + + + + + + + + + -+
| | i | | | | | | | | | [ | |
t t | | | | I | | | | { f | |
| | | | | | | | | | I i | | |
| | Asdsxe NOTICE 4sann NOTICE s#esxas | | | | i | | | |
| | * PRELIMIMARY MACHINE COMPUTATION. » | | | | | | | | |
| t + USER IS RESPONSIBLE FOR ASSESS~ » | | | | | | ] l |
| | MENT AND INTERPRETATION. L i | | I | | I ] f
| | AsnkdAnanddakiddabhhdarkhndndinahbinn ] | | | | | ] ] |
| | | | ] “ | | | | | | | | |
31600 + + + + + + + n + + + + + + .
| i PLOT SYMBOL KEY | t | | | | { § * |
| | * WRC FINAL FREQUENCY CURVE ! | | | | ] . . I ¥
| | O OBSERVED (SYSTEMATIC) PEAKS | ! I | | |0 Ot ] ! |
| { § HISTORICALLY ADJUSTED PEAKS | | | | o0 O * } | ] | |
| H 1 SYSTEMATIC-RECORD FREQ CURVE| i | | 00 © L | 1 | | |
| I WHEN POINTS COINCIDE, ONLY THE | | QG0 O i | i | i |
| | TOPMOST SYMBOL SHOWS. ) ] $C000* | | 1 I | i H
! I \ | | | *QO0 1 1 1 1 1 | 1 1
| [ H | | | &« «00| | | | | | t | |
1000.0 + Fom—— + + pm————- ACGDO0=Q===+ * + + + + + + +
| I I I A o000 t | | | | | | | |
i | | ol 00C0 0 I | ! ! f | | | | |
| | 1 > ! ( J | | ( | b | I i
1 I LANC I « B I t | | | [ | | | | t
I | . o1 § | | | | H | | | 1 | | |
| 1 11 | 1 i | | | | i i | H I
| | ¢ | I | i | ] | | | | | | i
| i ] | i t { | [ | [ | | | I |
| 1 1 | ! ( H ( | [ | | | | !
316.0 + ——— + + + + + + + +- * + + dm————— +
¥ | 4] | t [ [ | | [ | t l | { |
t i | | | J | H | | | | | | |
| I | | I ! | | | | | | | H {
| [ ! ] ] [ H I I ! | | | I H
| | I { t | | | | I i | | I |
| | t I f | | | | | | | | f |
| | | | I | | i I | 1 1 f ] |
| i | | 1 1 | 1 1 1 I | | | |
| | t ] | | I | | | | | 1 | |
100.0 + +* + * + + * + » + ' + PR .
| | i | | | | | | | | | i | |
i | | | | | | | | | | | | | |
| | - | | | ( | | | | | I | |
( | | | | | | | | | | | | | |
] [ | ] | | | | | | | I | | (
| ( | ] ( | I | | | t l | | |
] | | | | | | | | | | [ | t (
| | | | | | J | | | | ] | t |
| | | | | | | | | | t [ | l |
Il 6 +=—==¢ * + + + + + + + - + + -+ +
59.% 99,0 95.0 90.0 80,0 70,0 50.0 30.¢ 20,0 10,0 5.0 2.0 1.0 0.5 0.2
AHNUAL EXCEEDANCE PROBABILITY, PERCENT {HORMAL SCALE)
GM J497 VER 3.7 2. 5. GEOLOGICAL SURVEY
REV 11/5/81) ANHUAL PERK FLOW FREQUENCY AMNALYSIS ~FOR GEORGE AUSTIGUY
FOLLOWING WRC GUIDELINES BULL. 17-B. RUN=DATE 5/18/95 AT 1030 SEQ 1.0002




ND J0OB JdD?Q‘R.PROC, N.ERRS., N.SKIPS, STA.YEAMRS =

43



Attachment C1B-3
HEC-2 Analysis 500 Year Flood



SOURCE FILE: DOLS0O.WQ2

6/20/35

ADJUSTED WATER LEVELS FOR THE 500 YR DISCHARGE ON THE DOLORES RIVER

DELTA = -B.5FT

WITHOUT DIKE WITH DIKE
ADJ vLCB VCH VROB FROGUDE ADJ DIFFERENCE

STA CWSEL CWSEL STA CWSEL . CWSEL VLOB VCH VROB FRQUGE
¢ 8311.39 B305.8% 0 10.03 2.18 0.92 0 8311.39 8305.8% o 10.03 2.18 0.92 o}
93 843014 842464 ] 11.36 2.63 0.9 93 8430.14 8424.64 o 11.36 2.63 0.9 0
34309 847433 846B.83 0 12.01 7.77 0.87 3409 847433 8468.83 o 12.01 7.77 0.87 0
7747 853034 8524.84 2.46 11.08 0 c.88 7747 B530.34 8524.84 2.46 11.08 o] 0.89 0
10434 8595.3 8589.8 0 8.79 2.69 0.84 10434 8545.3 8589.8 0 8.79 2.68% 0.84 0
13791 8608.27 8602.77 o] 5.2 1.15 0,34 13791  B608.27 8602.77 (e} 5.2 1.18 0.34 o
17326 8651.15 8645.6% 1.19 1186 Q 0.98 17326 8651.15 8845.65 1.19 11.5% o] 0.28 0
17825 8657.04 8651.54 0 5.98 1.42 0.43 17925 B8667.04 8651.54 o] 5.98 1.42 0.49 0
18313 8661.79 8856.29 o 9.44 4.7 1,18 18313 B661.79 865829 0 9.44 4.7 1.15 o]
18813 8669.11 8663.61 0 817 o 0.75 18813 8669.11 8663.61 o 8.17 o} 0.75 o]
18313 8675.08 866958 3.28 10.98 4.21 .88 19313 8675.08 B8669.58 3.28 10.98 4.21 0.88 0
19763 8680.84 8675.34 4,285 10,93 o Q.86 19762 8680.84 8675.34 4.25 10.93 o 0.86 0
20313 8687.02 8681.52 2.83 S.64 1.37 0.59 20313 8887.02 8681.52 2.83 5.64 1.37 0.59 0
20813 8693.27 8687.77 0 6,86 ¢] 1.06 20813 8693.18 8687.68 o 7.3% 0 1.09 -0.09
21313 8700.65 8696.15 1.07 5.75 0.82 0.65 21313  8700.87 869517 1.07 5.71 0.83 0.65 0.02
21813 8707.93 870242 1.14 -R-1 3.61 0.94 21813 B8707.33 870243 1.14 2.5% 3.81 0.94 o
22158 8713 8707.5 o) 10.28 1.58 0.87 22158 8713 8707.5 o 10.26 1.58 0.87 0
22161 8712.7 8707.2 a] 11.62 (o) 1 22181 8712.7 8707.2 0. 11.52 (2] 1 0
22163 8713.26 8707.78 o 10.37 2.78 0.8% 22163 8713.26 8707.76 o 10.37 2,75 0.89 0
22189 8714.9 B709.4 o 7.69 418 p.68 22189 8714.9 8709.4 o) 7.69 4.18 0.68 o]
22191 8714.81 8708.3% 0 7.47 o 0.85 22191 8714.81 8709.3 0 7.47 0 Q.55 ¢
22203 871513 8702.63 Q 6.59 1.53 0.51 22203 871613 B708.63 Q 6.59 1.53 9.51 o
22313 871575 8710.25 2.45 8.67 2,15 Q.67 22313 871875 8710.2§5 2.45 6.67 2.15 0.67 Q
22813 8721.07 8715.57 3.03 8,29 2.62 0.78 22813 8§721.07 8715.57 3.03 B.29 2.62 0.78 o
23313  8727.04 8721.54 o] 9.17 4.85 0.86 23313 8727.04 872154 0 237 4.85 0.86 0
23813 8734.28 8728.78 o} 11.77 6.34 1.01 23813 8734.28 8728.78 v} 11.77 0.24 1.01 o
24211 8740.65 8735.15 1.2 6.13 1.33 0.64 24211 874065 8735.15 1.2 6.13 1.33 0.64 Q
24243 874098 273548 o] 9,83 1.8 0,93 24242 274098 873848 Q 2.53 e £.89 4
24761 874772 874222 0 7.69 211 0.686 24761 8747.72 8742.22 0 7.69 2.1 0.66 O
25313 B7S3.B3 £748.33 354 9 o] oM 25313 8753.83 8748.33 354 3 0 0.9 ¢
25838 8756.77 8751.27 Q 13,03 ¢] 1.04 25538 8756.77 8751.27 ¢ 13.02 0 1.04 o
25585 8758.3 8752.8 0 2.88 0 072 25588 8758.3 B8752.8 o s.88 0 .72 0
25563 8758.4 875629 0 9.71 0 0.71 25563 8758.4 8752.9 0 9.1 0 on 0
25603 8758.98 8753.48 0 8.8 o] 0.62 25603 §758.98 8753.48 Q 8.8 o] 0,62 Le]



SOURCE FILE: DOL500.WQ2

/20195

ADJUSTED WATER LEVELS FOR THE 500 YR DISCHARGE ON THE DOLORES RIVER

DELTA = -55FT

WITHOUT DIKE WITH DIKE
ADJ VLOB VCH VROB FROUDE ADJ CHFFERENCE

STA CWSEL CWSEL STA CWSEL CWSEL VLOB VCH VAOB FROUDE

25608 87959.03 8753.83 0 a8.7¢ 4] 0.62 25608 8759.03 8753.53 o 8.76 0 0,62 0
25633 8758.99 8753.49 Le] 9.79 1.38 0.76 25633 B758.99 875349 Q 9.78 1.38 0.75 0
25813 8761.13 8755.63 0 £.83 0.46 0.5 25813 8761.13 8755.63 0 5.83 0.46 0.5 0
26313  8767.11  8781.81 2.42 8.88 M 0.7¢ 26313 B767.11 8761.81 2.42 8.88 3.4 0.79 0
26813 8773.91 8768.41 0.83 10.9 2.14 0.99 26813 B773.81 8768.41 0.82 108 2.14 .99 0
27313 8782.62 877712 0 7.83 0 0.84 27313 8782.62 877712 Q. 7.82 o) 0.84 o
27843 8791.7 8786.2 0 12.13 o 1.01 27843 8r91.7 8788.2 0 12.13 o 1.01 0
27868 8793.93 8788.49 0 4.77 o 0.27 27868 B793.9% 878849 0- 4.77 ] 0,27 0
28313 8798.43 879293 o] 10.8 o] 1.01 28313 8798.43 879293 0 -10.8 Q 1.01 o]
28813 8806.65 8803.15 0 B.45 0 ¢.81 28813 8BOG.65 8B01.1S 0 8.45 0 0.81 ]
29313 881475 8809.25 0 8.7¢ 0 1 23313 881475 8809.25 o] 8.76 Q 1 o]
28813 8824.2 ag18.7 ] 7.75 0 0.89 29813 8g24.2  8818.7 0 7.76 Q 0.89 o]
30313 8834.85 8829.3% ] 10.8 5.57 1.07 30313 883485 8829.35 0 10.9 5.57 1.07 0
30813 8844.87 8B32.37 o 11.28 (o} 1.01 30813 884487 8839.37 Q 11.28 Ly 1.01 0




HECZ S/N: 1363000398 HMversion: 6.52 Deta File: DOLRSS500.KC2

e i i e i A e o o o o A A I R e el e Al B0 de e el de S drde e de e e b i e e e e e e e T AT o A e
* HEC-2 WATER SURFACE PROFILES * * U.S. ARMY CORPS OF ENGINEERS *
* * *  HYDROLOGIC ENGINEERING CENTER *
* version 4.6.2; Hay 1991 * * 409 SECOND STREET, SUITE D *
* * *  DAVIS, CALIFORN1A 95816-44687 *
* RUN DATE 20JUNS TIME 9:35:00 * * (918) 756-1104 *

Ao e A e e el A T v e e A A e A A AR e A

X XXX X000 XXNXA
X X X X X - X X
% X X X X
A0 XXX b XXXXX XEXXX
X X X X X

X X X X X X

X XONRXNANK HAAAX 000000

HAESTAD MNETHODS

37 Brookside Road * Waterbury, Connecticut 06708 * (203) 755-1446




Run Date: 20JUNDS Run Time: 9:35:00 HMversion: 6.52 Deta File: DOLRSS00.HCZ Page 1
THIS RUN EXECUTED 20JUN%S 9:35:00

e e e e e e e e R e

HEC-2 WATER SURFACE PROFILES

version 4.6.2; May 1991

et e e e vk Wi e g A v e e s e s e e e vl e A e e e

DAMES & MOORE (JAM. 1981)

REPRODUCED BY ESA (JUNE 1995)
T1 ANACOMDA RICO PROJECT, FLOODPLAIN STUDY
T2 ONE HUNDRED YEAR RETURN FLOW
T3 DOLORES 500YR (3400)

J1  ICHECK NG NINV IDIR STRY METRIC  HVINS @ WSEL FQ
0.0 2.0 0.0 0.0 1.26 0.0 0.0 0.0 83IN.5
J2 NPROF iPLOT PRFVS XSECY XSECH FN ALLDC 1EM CHNIM ITRACE
¢.0 ¢.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

J3  VARIABLE CODES FOR SUMMARY PRINTOUT

150.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
38 1 2 42 55 26 56 68

NC 0.068 0.088 0.043 0.150 0.200 0.0 0.0 0.0 0.0

QT 1.0 3400.0 ¢.0 0.0 G.0 0.0 c.¢ 0.0 0.0

X1 0.¢ 12.¢ 136.0 228.0 0.0 0.¢ .0 0.0 0.0 0.0
GR  8329.8 0.0 8317.7 4.0 8318.7 42.0 8318.4 923.0 8312.0 136.0
GR  8307.0 161.0 8305.9 179.0 8307.2 208.0 8310.5 228.0 8310.1 238.0
GR  8313.6 400.0 8317.8 462.0 0.0 0.0 0.0 0.0 0.0 0.0
X1 93.0 12.0 88.0 149.0 93.0 93.0 93.0 0.0 0.0 g.0
GR  B4TI.0 0.0 8431.8 88.0 8424.2 98.0 8423 .1 110.0 B424.4 126.0
GR  B428.4 149.0 8429.1 169.0 8431.9 250.0 8438.8 411.0 8436.0 445.0
GR B434.5 472.0 8462.3 516.0 0.0 0.0 0.0 0.0 0.0 0.0
X1 3409.0 7.0 40.0 71.0 3316.0 6.0 3316.0 0.0 0.0 6.0
GR  8480.8 0.0 B475.4 12,0 B475.5 40.0 8465.3 57.0 8468.6 71.0
GR  8468.2 98.0 8508.2 126.6 0.0 0.0 0.0 0.0 0.0 0.0
Xy 7747.0 12.0 127.0 193.0 4318.0 4338.0 4338.0 0.0 0.0 0.0
GR  B8550.4 Q.0 B533%.6 9.0 8543.2 53.0 8536.8 115.0 8527.9 127.0
GR  B524.8 148.0 8524.0 166.0 8524.7 181.0 85321 193.0 8530.¢% 215.0
GR  8537.2 231.0 8539.9 245.0 0.0 0.0 0.0 0.0 0.0 0.0




Run Date:
x1 10434
GR B8&16.2
GR  8591.1
x1 13791
GR  8627.9
GR™ 8598.7
x1 17326
GR  8683.2
GR  B64T.7
GR  8689.2
1 17925
Gk 8s71.8
GR  B8651.0
GR  B8684.3
%1 18313
GR 8688.8
GR  8680.7
GR  B699.9
x1 18813
GR  8684.4
GR  B886.3
GR  8705.5
X1 19313
GR  86%6.1
GR  B&Y0.3
GR  8680.3
X1 19753
GR  8693.7
GR  B&BL.S
GR B8683.9
X1 20313
GR 8723.3
GR Bo8s.8
GR  8682.6
GR  B8695.4
x1 20813
¥3 00,0
GR 8721.9
GR 8693.1
GR  8490.4
GR  B&95.6
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Run Time:

Q.0

70.0
8593.4
8595.0

174.0
8609.1
8599.7

160.0
84669.0
8646.0

0.0

143.0
B&671.9
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297.0
8689.1
8683.7
8686.9
B8495.4

3.0

263.0
8494.0
8690.2
8489.6
8699.7

©:35:00
173.0
33.0
173.0

264.0
27.0
245.0
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351.0
221.0
351.0
55¢.0

340.0

14.0
232.0
340.0

463.0

95.0
336.0
463.0
657.0

603.0
0.0
73.0
451.0
563.0
649.0

HMversion: 6.52
2687.0
BS97.9
B593.0

3357.0
86111
B405.4

3535.0
8667.0
8645.3

0.0
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8658.5
8650.7
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500.0
gé72.0
8672.4
B&79.3

450.0
B&74.2
8673.9
gre2.7

550.0
86839
8686, 1
8485.8
8704.9

500.0

8592.5
2687.6
86%90.2
8703.8

bata File:

2687.0
70.0
488.0

3157.0
174.0
264.0

3535.0
62.0
219.0
0.0

599.0
75.0
253,0
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382.0
633.0

450.0
108.0
240.0
ma2.o

550.0
297.0
36%7.0
496.0
679.0

500.0

346.0
46%.0
576.0
745.0

DOLRS500.HC2
26887.0 0.0
8591.2 107.0
8430.4 551.0
3357.0 0.0
B&01.2 191.0
8608.8 428.0
3535.0 0.0
8652.8 91.0
8854.5 234.0

0.0 0.0
599.0 0.0
B&S?.7 143.0
8459.1 265.0
0.0 0.0
388.0 0.0
B&57.8 75.0
B565.4 300.0
0.0 0.0
500.0 0.0
8562.6 71.0
8570.5 173.0
0.0 0.0
500.0 0.0
B&70,5 306.0
8&76.7 393.0
8497.3 680.0
450.0 0.0
8682.4 138.0
8675.2 259.0
0.0 0.0
550.0 0.0
8681.7 305.0
5582.8 Lhi 0
8698.7 529.0
8703.2 733.0
-500,0 0.0
3591.3 367.0
86901 469.0
8699.0 503.0
8729.8 809.0
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Run Date: 20JUN®S Run Time: 9:35:00 HMVersion: 6.52 Data File: DOLRSS00.HC2 Page 3

X1 21313 17.0 5M1.0 815.0 500.0 500.0 500.0 0.0 0.0 0.0
X3 0.0 0.0 0.0 327.0 0.0

GR  8730.8 0.0 an.e 47,0 ar10.9 109.0 8707.2 127.0 8701.3 467.0
GR  8699.9 571.0 8597.0 571.0 . B695.5 583.0 8696.9 597.0 B699.5 837.0
GR  8697.4 751.0 8700.1 B15.0 B8705.1 827.0 B704.6 841.0 8701.1 a857.0
GR  B707.1 1187.0 B743.5 1237.0 0.0 0.0 0.0 0.0 0.0 0.0
X1 21813 13.0 507.0 607.0 500.0 500.0 $00.0 0.0 0.0 0.0
GR  8731.7 0.0 8717.5 287.0 8707.4 507.0 8704 .1 521.0 a703.8 567.0
GR 8705.2 593.0 8707.7 607.0 8705.1 657.0 8711.4 671.0 8711 A 727.0
GR  8707.8 747.0 a711.2 987.4 8761.7 1082.0 0.0 0.0 0.0 0.0
x1 22158 11.0 247.0 339.0 345.0 345.0 345.0 0.0 0.0 0.0
GR  B722.4 0.0 gre.7 20%9.0 ane.7 247.0 8707.5 277.0 &704.9 290.0
GR 8707.5 305.0 ar2.8 339.0 gr2.1 385.0 8714.2 497.0 8719.1 509.0
GR  8731.2 1077.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0
X1 22161 14.0 247.0 339.0 3.0 3.0 3.0 6.0 0.0 0.0
X3 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8714.0 0.0
GR  8722.4 0.0 ane.7y 209.0 8719.7 247.0 a715.0 260.0 8713.0 265.0
Gk 8707.5 277.0 8704.9 290.0 8707.5 305.0 8713.0 339.0 8712.5 359.0
Gk 8712.1 385.0 8714.2 497.0 87191 509.0 8731.2 1077.0 0.0 0.0
X1 22163 0.0 0.0 0.0 2.0 2.0 2.0 0.0 0.0 0.0
BT 8.0 260.0 8715.0 B715.0 265.0 8715.0 8713.0 2r7.0 8715.0 8713.0
8T 290.0 8715.0 8713.0 305.0 8715.0 8713.0 339.0 8715.0 &8713.0 359.0
BT 8715.0 8712.5 3a85.0 87121 872.0 0.0 0.0 0.0 6.0 0.0
X1 22189 0.0 0.0 0.0 26.0 26.0 26.0 ¢.0 0.0 0.0
X2 Q.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0
X1 22191 a.G 6.0 0.0 2.0 2.0 2.0 0.0 0.0 ¢.0
X3 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 8715.0 0.0
X1 22203 14.0 218.0 328.0 12.0 12.0 12.0 0.0 0.0 0.0
GR  8735.0 0.0 8728.8 161.0 8728.8 173.0 §727.2 218.0 8713.9 236.0
GR  8707.7 277.0 8706.7 291.0 8707.8 308.0 ar7.3 328.0 8719.4 350.0
GR 8TI7TA 384.0 aria.s 398.0 arz0.7 808.4 arvr.2 968.0 0.0 0.0
X1 22313 1.0 42.0 186.0 110.0 110.0 110.0 g.0 0.0 6.0
GR  8740.6 6.0 8ri2.2 42.0 8716.3 102.0 &709.9 143.0 B708.7 161.0
GR 87101 175.0 8714.7 186.0 8713.7 193.0 8714.8 286.0 8717.4 576.0
GR  8754.5 724.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
x1 228143 17.0 322.0 404.0 500.0 500.0 500.0 0.0 0.0 0.0
GR  8780.4 0.0 8739.1 101.¢ 8722.6 2346.0 8719.1 248.0 8719.9% 322.0
GR  B716.8 328.0 8715.6 344.0 8716.8 369.0 3719.7 390.0 are.7 404.0
GR 87201 450.0 8717.2 462.0 8719.5 470.0 8725.5 1604.0 arse.3 1043.0
GR  8730.2 1073.0 B755.0 1089.0 0.0 0.0 0.0 0.0 0.0 0.0




Run Date:
23313
8747.6
8726.8
8723.1
8763.9

23813
87s2.7
8729.7

24211
arg1.2
873%9.5

24243
8766.3
8740.4

24761
8760.0
8746.6

23313
8793.0
8750.3
8v63.8

25538
8v77.8
3757.1
8763.4
avgz.2

25585
10.0
B766.3

25563
5.0
61.0

25603
0.0

25408
10.0

25633
8768.5
8759.2
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Run Time:
11.0
8734.2
872%.3
BT29.4
0.0

0.0
ar2e.7
arz2.7

111.0
B739.6
8756.8

50.0
8744.9
a757.3

0.0
a742.7
8T4v.2

250.0
8766.6
8751.5
8763.3

182.0
8761.5
8751.1
B7S6L .4

0.0

0.0
0.0
8751.1

9:35:00
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31.0
245.0
340.0

U’lag b=
. * . v ¥
[~ = =] L= =) [= o) owWwo [— =3 =]

(5]

(=2~ ggo

*

'

»

.

Er——
~0 o

HMversion: 4,52

500.0
8724.0
8723.8
8729.4

0.0

500.0
a728.¢9
8734.2

398.0
8737.3

Data File:
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161.0
252.0
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DOLRS500.HC2
500.90 0.0
g7z22.7 181.0
8724.5 262.0
8735.0 402.0
0.0 0.0
500.0 0.0
gv27.7 39.0
B737.2 265.0
398.0 0.0
a736.0 253.0
0.0 0.0
32.0 0.0
8736.9 239.0
0.0 0.9
518.0 0.0
8745.3 83.0
0.0 0.0
552.0 0.0
8752.6 250.0
8755.6 497.0
0.0 0.0
135.0 0
8764.0 65.0
8750.% 224.0
evse.g 393.0
0.0 0.0
20.0 0.0
0.0 8769.2
8751.1 61.0
5.0 0.0
8756.8 43.0
6.0 0.0
40.0 0.0
1.0 0.0
5.0 0.0
2.0 8770.6
25.0 0.0
8751.3 159.0
8775.% 366.0
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Run Date:
29813
BB39.3
8a32.5

30313
8870.7
883e.2
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Z0JUHSS
7.0
0

L7
=

OO0 Wo~N o0

.0
.0

.

L]
(oY

—_

L3

0
0
0
o
o

ey
o~

Run Time:
21.0
8826.9
B8845.6

0.0
8830.7
B842.6

5.0
8846.0
8355.7

9:35:00

321.0
21.0
360.0

71.0
28.0
287.0

176.0
15.0
176.0

KMversion: 6.52
500.0
2520.8
0.0

500.0
8830.9
0.0

$00.0
8845.6
8848.4

Data File: DOLRSS00.HC2
500.0 500.0 0.0
234.0 8820.5 298.0

0.0 0.0 0.0
500.0 500.0 0.0
33.0 8832.4 71.0

0.0 0.0 0.0
500,0 500.0 0.0
75.0 BB4.T 81.0
193.0 8848.7 214.0
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H
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Run Date: 20JUNSS Run Time: $:35:00 HMversion: 6.52 Dats File: DOLRS500.HC2 Page 7
SECHO DEPTH CWSEL CRIWS WSELK EG Hv 1t OLOSS L=-BANX ELEV
1] QLOB QCH AROE ALOB ACH AROB VoL TWA R-BANK ELEVY
TIME vLOB VCH VROB XHL XHCH XHR WTH ELMIN S5TA
SLOPE XLOBL XLCH XLOBR ITRIAL 10C ICONT CORAR TOPWID ENDST
*PROF 1
CChHY= 0.150 CEKv= 0.200
*SECNO 0.000
3720 CRITICAL DEPTH ASSUMED
0.000 5.49 B311.39 8311.39 8311.50 8312.¢1 1.51 0,00 0.00 8312.00
3400.0 0.0 3292.2 107.8 0.0 328.3 49.5 0.0 0.0 8310.50
0,00 0.00 10.03 2.18 0.000 0.043 0.068 0.000 8305.90 139.05
0.014932 a. 0. o. 0 5 0 .00 158.71 297.76
*SECNO 93.000
3685 20 TRIALS ATTEMPTED WSEL,CWSEL
3693 PROBABLE MINIMUM SPECIFIL ENERGY
3720 CRITICAL DEPTH ASSUMED
93,000 7.04 B430.14  BA30. 14 0.00 8432.08 1.9 1,33 0.09 8431.80
3400.0 0.0 3288.2 113.8 0.0 289.2 43.3 0.8 0.3 B428.40
0.00 0.00 11.36 2.63 0.000 0.043 0,068 0.000 8423.10 90.1¢
0.013649 93, 93. 3. 20 1" 0 0.00 108.83 199.02
#SECHO 3409.000 .
3409.000 9.03 B8474.33 0.00 0.00 8476.05 1.72 43.94 0.03 8475.50¢
3400.0 0.0 2053.6 1346.4 0.0 171.1 173.3 26.5 6.7 BLGB.60
0.09 0.00 12.01 7.77 0.000 0.043 0.048 0.000  B465.30 41,96
0.012869 3316. 3316. 3316. ) 0 0 0.00 &0.41 102.38
*SECNO 7747.000
7747,000 6.34 8530.34 0.00 0.00 8532.24 1.90 56.15 0,06 8527.%90
3400.0 9.8 3390.2 0.0 4.0 306.0 0.0 9.1 13.0 8532.10
0.20 2,46 11.08 0.00 0.048 0.043 0.000 0.000 8524.00 123.72
0.013020 4338, 4338. 4338, 5 0 0 0.00 66.42 19014

*SECNO 10434.000

3265 DIVIDED FLOW

3301 HV CHAMGED MORE THAN HVINS
3685 20 TRIALS ATTEMPTED WSEL,CWSEL




Run Date: 2Z0JUNYS Run Time: %:35:00
SECHO DEPTH CWSEL CRIWS WSELK
[#] QLos QCH QROB ALOB
TIME VLOB VCH VROB XNL
SLOPE ¥LOBL XLCH XLOBR TTRIAL

3693 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

10434.000 4,30 8595.30 8595.30 0.00
3400.0 0.0 2641.2 758.8 ¢.0
0.30 0.00 8.7 2.6% 0.000
0.012670 2687, 2687, 2687 . <0

*SECNO 13791.000

3301 HV CHANGED MORE THAM HVINS

3302 WARNING:

13791.000 9.57 B84&08.27 0.00 0.00
3400.0 0.0 3170.2 229.8 0.0
0.49 0.00 5.20 1.15 0.000
0,001718 3357. 3357. 3357. -
*SECNO 17326,000
3301 HV CHANGED MORE THAN HVINS
3685 20 TRIALS ATTEMPTED WSEL,CWSEL
34693 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
17326.000 5.35 8651.15 8451.15 0.00
3400.0 5.6 3394.4 0.0 4.7
0.58 1.19 11.55 0.00 0,068
0.016595 3535. 3535, 3535. 20

*SECHO 17925.000

3265 DIVIOED FLOW

3301 HV CHANGED MORE THAN HVINS

HMversion: 6.52

EG
ACH
XHCH
10c

8596.25
300.4
0,043

20

CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE,

8608.66
609.2
0.043

0

8653.22
294.0
0.043

1

Data File: DOLRS500.HCZ
Hv HL oLoss
AROB VoL TWA
XHR WTN ELMIN
1CONT CORAR TOPWID

0.96 3.5 0.14

28t.7 Bé.6 25.3
0.058 0.000 85%1.00
Q 0.00 332.34

KRATIO = 2.72

0.39 12.32 0.08
199.2 140.2 46.8
0.068 0.000  8598.70
0 0.00 223.80
2.07 13.¢1 0.33
0.0 185.1 59.3
0.000 0.000 B8645.80
0 0.00 85.47

L-BAKX ELEV
R-BANK ELEY
SSTA
ENDST

8597.90
8596.00
84.37
49,87

8611.10
8605.40
178.85
402.65

8450.60
8654.50
142.76
228.22

Page
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Run Date: 20JUNSS Run Time: 9:35:00 HMversion: &.52 Data File: DOLRSS500.HC2 Pege ¢

SECNQ DEPTH CWSEL CRIWS WSELK EG Kv HL oLoss L-BANK ELEV
Q aLos acH QrROB ALOB ACH AROB VoL TWA R-BANK ELEV
TIHE vLOB VCH VROB XKL XHCH XNR WTH ELMIN SSTA
SLOPE XLOBL XLCH XLOBR ITRIAL {x]n 1CONT CORAR TOPHID ENDST

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.10

17925.000 7.54  8657.04 0.00 0.00 8657.59 0,55 4.15 0.23 8857.70
3400.0 ¢.0 3379.9 20.% 0.0 5485.2 4.2 191.2 0.8 8459.10
0.60 0,00 5.98 1.42 0.000 0.043 0.0s68 0.000 B&49.50 145.14
0.003774 599, S99, 599. 4 0 0 0.00 129.05 284.63

*SECNO 18313.000

3265 DIVIDED FLOMW

3307 HV CHANGED MORE THAM HVINS

3685 20 TRIALS ATTEMPTED WSEL ,CWSEL
3693 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

18313.000 5.49 8461.79 8681.79 0.00 8662.95 1.16 2.91 0.12  8688.80
3400.0 0.0 2670.1 72%.9 0.0 282.9 155.1 195.7 62.2 B663.10
0.62 0.00 Q.44 4.70 0.000 0.043 0.058 0.000 8554.30 40.79
6.021505 388. 388, 388, 20 19 0 .00 196.44 291.98

*SECNO 18813.000

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RAMGE, KRATIO = 1.45

18813.000 6.51  866%.11 0.00 0.00 84670.14 1.04 7.7 0.02 8684.40
3400.0 0.0 3400.0 0.0 0.0 416.1 0.0 200.6 66,0 8672.10
0.63 0.00 8.17 0.00 ¢.000 0.043 0.000 0.000 8662.60 45,15
0.010248 500. 500, 500. 5 0 0 0.00 114.17 159.32

*SECNO 19313,000
3301 HV CHAKGED MORE THAN HVINS
7185 MINIMUM SPECIFIC EMERGY

3720 CRITICAL DEPTH ASSUMED
19313.000 5.58 B&75.08  B&75.08 0.00 8476.64 1.57 5.68 0.41  8672.00




3400.0 281.8 2768.6 349.5 86.0 252,2 g2.9 205.4 65.5 8673.00
0.65 3.28 10.98 an 0.068 0.043 0.068 0.000 8669.50 243 .14
0.012678 500. 500, 500. 3 12 0 0.00 145. M1 388.85



Run Date: 20JUNYS Run Time: 9:35:00 KMVersion: 6.52 Deta File: DOLRSSO0D.HC2 Page 10

SECHQ DEPTH CWSEL CRIWS WSELK EG HY HL QLOSS L-BANK ELEV
a QLOB QcH QROB ALOE ACH AROB VoL TWA R-BANK ELEV
TIME VLOB VCH VROB XNL ¥NCH XNR WTH ELMIN S5TA
SLOPE XLosL XLCH XLOBR ITRIAL {1 v ICONT CORAR TOPWID ENDST

*SECNO 19763.000

3265 DIVIDED FLOW

19763.000 7.94  8580.84 0.00 0.00 8682.31 1.47 5.68 0.01 8684.50
3400.0 828.1 2571.9 0.0 194.7 235.3 0.0 209.8 66.9  B8688.80
0.66 4,25 10.93 0.00 0.058 0.043 0.000 0.000 8672.90 46,56
0.012461% 450, 450, 450, 1 Q 0 0.00 128.06 269.32

*SECNO 20313.000

3301 Hv CHANGED MORE THAN HVINS

20313.000 5.32 8687.02 0.00 0,00 B487.43 0.4 4.96 0.16 868310
3400.0 731.9 2635.1 33.0 258.8 467.0 24.0 217.3 69.9  8686.90
0.69 2.83 5.64 1.37 0.068 0.043 0.068 0.000 8581.70 165.00
0.006830 550. 550, 550. 4 0 0 0.00 334,13 499,12

*SECNO 20813.000
3265 DIVIDED FLOW

7185 MIRIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH -ASSUMED

20813.000 S5.67 8693.27 8693.27 0.00 84&94.00 0.73 &.07 0.06 8694.00
3400.0 0.0 3400.0 0.0 0.0 495.6 6.0 224.4 3.9 8699.00
0.71 0.00 6.86 0.00 ¢.000 0.043 0.000 0.000 5687.60 206.12
0.6G27338 500. 500. 500, 8 8 0 ¢.00 I3 585.41

*SECND 21313.000

3302 WARKING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, XRATIO = 1.77

21313,000 5.15 8700.65 0.00 0.00 8701.16 0.51 7.13 0.03  B84699.90
3400.0 22.7 3376.9 0.3 21.3 587.2 0.4 230.7 77.8 8700.10
0.74 1.07 5.75 0.83 0.068 0.043 0.068 0.000 8595.50 $14.75
0.008737 500. 500. 500. 6 0 . 0 0.00 301.58 816.34




Run Date: 20JUN?S Run Time: 9:35:00 HMversion: 6.52 Data File: DOLRS500.HCZ
SECNO  DEPTH CWSEL CRINS  WSELK  EG Hv HL oLOsS
@ aLos acH QROB ALOB ACH AROB VoL TWA
TIME vLO8 VeH VROB XNL XMCH XHR WTN ELMIN
SLOPE XLOBL XLCH XLOBR ITRIAL  IDC ICONT  CORAR  TOPMWID
*SECHO 21813.000
3265 DIVIDED FLOW
3301 HV CHANGED MORE THAN HVINS
7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
21813.000 4,13 B707.93  8707.93 0.00 8709.23 1.3 5.80 0.18
3400.0 3.4 3086.7  309.9 3.0 323.1 85.8  236.6 80.5
0.75 1.14 9.55 3.61 0.068 0,043  0.068  0.000 8703.80
0.016137 500, 500. 500. ‘ 15 0 0.00  177.38
*SECNO 22158.000
7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
22158.000 8.10 8713.00 8713.00 0.00 8714.60 1.60 4.99 0.06
3400.0 0.0 3326.3 73.7 0.0 324.3 46,7 239.7 81.9
0.76 0.00 10.26 1.58  0.000  0.043  0.068  0.000 B8704.90
0.013054 345. 345, 345, 2 17 0 0,00  169.42
*SECNO 22161.000
7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED
3495 OVERBANKX AREA ASSUMED NON-EFFECTIVE, ELLEA= 8719.70 ELREA= 8716.00
22161.000 7.80 8712.70 87T12.70 0.00  8714.76 2.06 0.05 0.09
3400.0 0.0  3400.0 0.0 0.0  295.0 0.0 239.7 81.9
0.76 0.00 11.52 6.00  0.000  0.043 0,000  0.000 8704.90
0.017439 3. 3. 3. 3 8 s 5.66  Ti.48
*SECNO 22163.000
3370 NORMAL BRIDGE, NRD= 8 MIN ELTRD= 8712.10 MAX ELLC= 8715.00
22163.000 8.36 8713.26 8712.85 0.00 8714.88 1.62 0.05 0.07
3400.0 0.0  3287.0 113.0 0.0 316.9 4.4 239.7 81.9
0.76 0.00 10.37 2.75 0.000 0,063  0.068 0,000 B8704.90

L-BANK ELEV
R~BANK ELEV
SSTA
ENDST

8707.40
8707.70
495.56
755.89

av19.70
8712.80
263.48
432.90

B719.70
8713.00
265.66

337.1%4

871%.70
8713.00
264,38

Page
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0.033268 2. 2. 2. 15 12 0 ~47.14 181.85 446.23




Run Date: 20JUNDS

SECHO DEPTH

Q aLoe
TiME yLoB
SLOPE XLOBL

*SECNO 22189.000

Run Time:

CWSEL
ach
VCH
XLCH

3301 Hv CHANGED MORE THAN HVINS

3370 HORMAL BRIDGE, HRD=

22189.000 10.00

3400.0 0.0
0.76 0.00
0.018299 26.

*SECNO 22191.000

8714.%0
2437.8
7.69
26.

9:35:

CRIWS
QROB
VROB
XLOBR

8 MIN ELTRD=

0.00
962.2
4,18
26.

00

Wsl
AL
XN
17

HMVersion: 6.52

ELK
0B
L
R1AL

EG
ACH
XNCH
10e

BT12.10 MAX ELLC=

0

0.00
0.0
.000
3

8715.63
316.9
0.043

0

RV
AROB
XHR
TCONT

8715.00

0.74
230.3
0.058

0

Data File: DOLRSS00.HC2

KL OLOsS
VoL TWA
HTH ELMIN

CORAR TOPHID

0.43 0.13
240.0 82.0
. 0.000  8704.90
-219.54 238.41

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.98

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA=

22191.000 ¢.9
3400.0 0.0
0.76 0.00
0.004685 2.

*SECNO 22203.000

3265 DIVIDED FLOW

22203.000 8,43
3400.0 0.0
076 0_00
0.00391 12.

*SECNO 22313,000
3265 DIVIDED FLOW

22313,000 7.05
3400,0 22.7

8714.81
3400.0
7.47

2.

B715.13
3169,0
6.59
12,

8715.75
2949.6

0.00
0.0
0.00
2.

0.00
231.0
1.53
12.

0.00
421.7

0

0.00
0.0
000
2

0.00
9.3

8719.70 ELREA=

8715.68
454.9
0.043

o

&715.76
480.9
0.043

¢

8716.36
442.5

0.57
0.0
0.000
¢

0.43
151.0
0. 048

Q

0.61
198.9

8715.00
0.02 0.03
240.0 82.1
0.000 8704.90
0.00 78.52
0.05 0.04
260.2 82.1
0,000 A705.70
0.00 218.18
0.59 ¢.00
241.8 82.8

L-BANK ELEV
R-BANK ELEV
S5TA
ENDST

8719.70
8713.00
260.28
498.69

8719.70
8713.00
260,48
339.00

8727.20
8717.30
234 32
519.43

8712.20
8714.70

Page
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0.77 2.45 6.67 2.15 0.068 0.043 0.068 0.000 8708.70 36.76
0.007553 110. 1140, 110. 2 0 0 0.00 342.46 390.98




Run Date: 20JUN95 Run Time: 9:35:00 KMversion: 6,52 Date File; OOLRSS00.HCZ Fage 13

SECNO DEPTH CWSEL CRIWS WSELK EG Hv HL 0L055 L-BANK ELEV
Q qaLos QcH arOB ALOB ACH ARDB oL THA R-BANK ELEV
TIME VLOB VCH VYROB XNL XHCH XNR HTN ELMIN SSTA
SLOPE XLOBL XLCH XLOBR ITRIAL ipc 1CONT CORAR TOPWID EXDST

*SECNQ 22813.000
7185 MINIMUM SPECIFIC EMERGY
3720 CRITICAL DEPTH ASSUMED

22813.000 5.47 8721.07 &T21.07 0.00 &721.89 0.83 4.50 0.04 8719,90
« 3400.0 LYFN | 2448.3 559.4 122.7 294.3 214.0 249.2. 86.9 8719.70
0.79 3.03 8.39 2.62 0.068 0.043 0.068 0.000 8715.60 241,25
0.010902 500. 500. 500. S 14 0 0.00 368,33 609,58

*SECND 23313.000

3265 DIVIDED FLOW

23313.000 4.34  BY27.04 0.00 0.00 8728.01 0.97 6.09 0,03 8734.20
3400.0 0.0 2183.8 1216.2 0.0 2381 250.6 255.4 90.0 8726.80
0.81 0.00 9.17 4.85 0.000 0.043 0.068 0.000 8722.70 152.08
0,013679 500. 500. 500. 3 o 0 0.00 168,09  345.72

*SECNO 23813.000
3301 HV CHANGED MORE THAN HVINS

7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

23813.000 6.58 B734.28 8734.28 0.00 B736.43 2.15 7.90 0.24 8752.70
3400.0 0.0 3399.9 0.1 0.0 288.8 0.2 260.1 91.3  8734.20
0.82 0.00 11.77 0.34 ¢.000 0.043 0.068 0.000 8727.70 19.22
0.018443 500, 500. 500. 2 14 0 0.00 73.33 92.55

*$ECND 24211.000

3301 HV CHAWGED MORE THAN HVIRS

3302 WARKING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.54

24211.000 5.15 B8740.45 0.00 0.00  8741.23 D.58 4.57 0.26 8739.60
3400.,0 1.8 3388.5 9.7 1.5 552.8 7.3 263.% 2.4 8739.50
0.84 1.20 5.13 1.33 0.068 0.043 0.068 0.000 8735.50 108.21
0.007812 ie8. I98. 398. & 0 G 0.00 208,57 36.78




‘Run Date; 20JUN9S Rupm Time: 9:35:00 HMVersion: 6.52 Data File: ODOLRSS00.HC2
SECNO DEPTH CWSEL CRIWS WSELK EG HY HL 0LOSS
1] qLos acH QROB ALOB ACH AROB VoL TWA
TIME © VLOB VCH VROB WL XMNCH XHR HTH ELMIN
SLOPE XLOBL XLCH XLOBR 1TR]AL {118 ICONT CORAR . TOPWID
*SECNO 24243.000
3307 HY CHANGED MORE THAN HVINS
3485 20 TRIALS ATTEMPTED WSEL,CWSEL
3593 PROBABLE MINIMUM SPECIFIC EMERGY
3720 CRITICAL DEPTH ASSUMED
264243 .000 4,48 B?40,98  B740.98 0.00 B742.39 1.40 0.37 0.%6
3400.0 6.0 3388.5 11.5 0.0 385.7 6.3 264 .3 92.8
0.84 0.00 ?.53 1.81 0.000 0.043 0.068 0.000 8736.50
0.018736 32. 32. 32, 20 1" 0 0.00 137.79
*SECNO 24761.000
3301 HV CHANGED MORE THAN HVINS
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RAMGE, KRATJO = 1.56
24761.000 £.02 8747.72 0.00 0.00 8748.43 oM 5.94 0.10
3400.0 0.0 2559.¢ 840.1 0.0 3331 398.4 270.8 96.2
0.86 0.00 7.69 2.1 0.000 0.043 0.068 0.000 8742.70
0.007727 518. 518. 518, 5 0 [V 0,00 436,17
*SECHO 25313.000
7185 MINIMUM SPECIFIC EMERGY
3720 CRITICAL DEPTH ASSUMED
25313.000 3.53 8753.83 8753.83 0.00 8754.86 1.03 5.92 0.06
3400.0 732.5 2667.5 0.0 206.6 294.4 0.0 278.6 100.5
0.88 3.54 2.00 0,00 0.068 0.043 0.000 0.000 87™0.30
0.015877 552, 952. 552, 3 iv 0 0.00 240,64

*SECNO 255358.000

3301 BV CHANGED MORE THAN HVINS

3685 20 TRIALS ATTEMPTED WSEL,CWSEL
3693 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

L-BANK ELEV
R-BANK ELEV
SSTA
ENDST

8744.90
8740.40
119.96
257.75

8760.00
746,40
19.16
455.33

8752.60
8758.30
107.47
348,12

Page
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25538.000 7.17  B756.77 8756.77 0.00 8759.40 2.64 2.30 0.3z 8757.10
3400.0 0.0 3400.,0 0.0 0.0 261.0 0.0 279.8 100.%  8758,30
0.88 0.00 13.03 0.00 0.000 0.043 0.000 0.000 B8749.60 182.67
0.018278 135. 135, 135. 20 17 0 0.00 53.23 235.89




Run Date: 20JUN9S Run Time:; ¢:35:00 HMVersion: 6.52 Data File: DOLRS500.HC2
SECNO DEPTH CWSEL CRIMWS WSELK EG Ky HL oLOSS
@ GLOB QcH QROB ALOB ACH AROB VoL TWA
TIME YLOB VCH VROB XML XNCH XNR HWTH ELMIN
SLOPE XLOBL XLCH XLOBR ITRIAL 1oc TCONT CORAR TOPWID
*SECNO 25585.000
3301 HY CHANGED MORE THAN HVINS
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, XRATIO = 1,46
3495 QVERBANX AREA ASSUMED NON-EFFECTIVE, ELLEA= 8769.20 ELREA= 8769.20
25585 .000 7.20 8758.30 0.00 0.00 8759.81 1.51 0.24 0.17
3400.0 0.0 3400.0 0.0 0.0 344.2 ¢.0 27%.9 100.9
0.88 0.00 .88 0.00 0.000 0.043 0.000 0.000 8751.10
0.008613 20, 20. 20. 6 0 0 0.00 59.67
*SECHO 25563.000
3370 NORMAL BRIDGE, NRD= S MIN ELTRD= B770.60 MAX ELLC= 8747.80
25563,000 7.30  8758.40 0.00 0.00 B8759.86 1.46 0.04 0.01
3400.0 0.0 3400.0 0.0 0.0 350.2 0.0 280.0 101.0
0.88 0.00 8.7 0.00 0.000 0.043 0.000 0,000 8751.10
0.008199 5. 5. 5. 2 0 1] 0,00 60.00
*SECNO 25603.000
3370 NORMAL BRIDGE, NRD= 5 MIN ELTRD= 8770.60 MaX ELLC= B8747.80
25403 . 000 7.88 8758.98 0.00 0.00 8760.18 1.20 0.28 0.04
3400.0 0.0 3400.0 0.0 0.0 386.4 0.0 280.3 101.0
0.88 0.00 8.80 0.00 0.000 0,043 0.000 2000 8751.40
0.004189 40, 40, 40, 2 0 0 0.00 61.95
*SECNO 25408000
3495 OVERBANK AREA ASSUMED MON-EFFECTIVE, ELLEA= 8770.60 ELREA= 8770.460
25608.000 7.93  8759.03 0.00 0.00 8760.22 1.1% 0.03 0.00
3400.0 0.0 3400.0 0.0 0.0 I88.2 0.0 280.3 101.0

L-BANK ELEV
R-BANK ELEV
SSTA
ENDST

8766.30
8766.30
13.16
72.84

B766.30
8766.30
13.00
73.00

87656.30
8766.30

am
L.

73.98

8766.30
8766.30

Page
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0.88 0.00 8.76 0.00 0.000 0.043 0.000 0.000 8751.10 11.98
0.006107 5. 5. 5. 0 0 0 0.00 62.05 74,02




Run Date: 20JUN9S Run Time: 9:35:

SECNO DEPTH CWSEL CRIWS

] QLos QCH CROS
TIME vLoB VCH VROB
SLOPE XLOBL ALCH XLOBR

*SECHO 25633,000

3265 DIVIDED FLOW

25633.000 7.69 8758,99 8757.87
3400.0 0.0 3354.2 45.8
0.89 0.00 .79 1.38

0. 009055 25, 25, 25,

*SECNO 25813.000

3301 Hv CHANGED MORE THAN HVIMS

3302 WARNING: CONVEYANCE CHANGE QUTSIDE

25813.000 5.43 8761.13 0.00
3400.0 0.0 3398.4 1.6
0.89 0.00 5.83 0.46
0.004144 180. 180. 180.

*SECNO 26313.000
3265 DIVIDED FLOW
3485 20 TRIALS ATTEMPTED WSEL,CWSEL

3493 PROBABLE MINIHUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

26313.000 5.01  8767.11  B76T. N
3400.0 443.5 2094.2 8s2.3
G.91 2.42 8.88 3.41
0.010745 500, 500. 500,

*SECNO 246813.000
3301 HV CHANGED MORE THAN HVINS

7185 MINTMUM SPECIFIC EMERGY
3720 CRITICAL DEPTH ASSUMED

00 HMversion: &.52

WSELK
ALOS
XHL
ITRIAL

0.00
g.0
0.000
&

OF ACCEPTABLE RANGE,

0.00
0.0
0.000
2

0.00
183.2
0.088

20

EG
ACH
XNCH
10C

B8760.46
342.6
0.043

15

8761.66
583.2
0.043

0

B767.92
235.9

P T |
LS ]

10

Data File:

L1
ARCB
XNR
JCONT

1.47
13
0.048
0

KRATIO =

0.53
3.4
0.068
0

0.81
252.9
G.068

0

DOLRS500,¥C2
HL oLOSS
VoL THA
WiN ELMIN
CORAR TOPWID
0.18 0.06
280.6 1011
0.000 8751.30
0.00 124.38
1.48
1.06 0.14
282.6 101.6
0.000 8755.70
0.00 154,42
3.15 0.06
289.8 104.7
4.000  8762.%0
0.00 376,77

L-BANK ELEV
R-BANK ELEV
SSTA
ENDST

8747.80
8759.20
121.91
305.03

8769.80
8760.80
145.65
300.07

8764 .90
8765.20
7.2
502.10

Page
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26813.000 .11 B773.91  ETII.9N 0,00 8775.75 1.84 6.74 0,219 8773.460
3400.0 3.2 3392.9 3.9 3.8 3113 1.8 295.5 107.5  8772.40
0.93 0.83 10.%90 2.4 0.068 0.043 0.068 0.000 8768.80 275.06
0.017409 500. 500. 500. 3 9 0 0.00 109.35 384.41




Run Date: 20JUNSS

SECKQ DEPTH CWSEL CRIWS
Q aLos QcH GROB
TIME VLOB VCH VROS
SLOPE XLOBL XLCH XLOBR

*SECND 27313.000
3301 HV CHAMGED MORE THAN HVINS

Run Time: 9:35:00

HMversion: 6.52

WSELK
ALOB
XNL
ITRIAL

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA=

27313.000 S.12 8782.462 0.00
3400.0 0.0 3400.0 0.0
0.95 0.00 7.83 0.00
0.013686 500, 500. 500.

*SECNO 27843.000
3301 HV CHANGED MORE THAN HVINS

7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

0.00
0.0
0.000
2

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA=

27843 .000 6.20 8&791.70 B791.70
3400.0 0.0 3400.0 0.0
0.96 0.00 12.13 0.00
0.017440 500, 500, 500.

*SECND 27868.000
33071 HV CHANGED MORE THAN HVINS

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE,

0.00
0.0
0.000
3

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA=

27848.000 12.99 8793.9%9 0.00
3400.0 0.0 3400.0 0.0
0.96 0.00 &.77 0.00

0.001086 25, 25. 25.

0.00
0.0
¢.000
3

Data File: DOLRSS00.HCZ
EG RY KL OLOSS
ACH AROB VoL THA
XNCH XHR HTN ELMIN
inc ICONT CORAR TOPWID

8785.70 ELREA=

8783.57 0.95
434.0 0.0
0.043 0.000

0 ]

8803.40 ELREA=
B8793.99 2.29

280.2 0.0
0.043 0.000
11 0

8799.40 ELREA=

8794.35 0.35
713.2 0.0
0.043 0.000

0 0

KRATIO =

8786.00
7.69 0.13
299.8 109.0

0.000 8777.50
0.00 159.40

8799.20

7.70 0.27
303.9 110.3
0.000 8785.50

0.00  62.33
4.01
8799.20
0.07 0.9
304.1 10,3
0.000  8781.00
0.00  75.81

L-BANK ELEV
R-BANK ELEV

55TA
ENDST

8785.70
87856.00
46.81
206.41

8803.40
8799.20
9.54
71.88

8799.40
8799.20
78.23
154.04

Page
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Run Date: 20JUNDS Run Time: 9:35:00

SECHO DEPTH CWSEL

Q oLoe QCH
TIME vyLOoB VCH
SLOPE XL0BL XLCH

*SECKO 28313.000

3301 HV CHANGED MORE THAN HVINS

CRIWS
QROB
VROB
XLOBR

3685 20 TRIALS ATTEMPTED WSEL,CWSEL
3693 PROBABLE MINIMUM SPECIFIC ENERGY

3720 CRITICAL DEPTH ASSUMED

HMVersion: 6.52

WSELK
ALOB
XHL
TTRIAL

3495 DVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA=

28313.000 5.23 8798.42
3400.0 0.0 3400.0
0.97 0.00 10.80
0.018453 445, 445,

*SECNO 28813.000

33071 Hv CHANGED MORE THAN HVINS

8798.43
0.0
Q.00
445,

0.00
0.0
0.000
20

3495 OVERBAMK AREA ASSUMED NON-EFFECTIVE, ELLEA=

28813.000 3.65 BB06.65
3400.0 0.0 3400.0
0.99 0.00 8.45
0.012175 500; 500.

*$SECNO 29313,000
7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

0.00

0.0
0.00
500.

G.00
0.0
0,000
&

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA=

29313,000 3.8%  8B1L.TS
3400.0 0.0 3400.0
1.00 0.00 8.76
0.020557 500. 500.

*SECNO 29813.000

8814.75
0.0
0.00
500,

0.00
0.0
0.000
4

EG
ACH
XNCH
foc

Data file:

HV
AROB
XNR
ICONF

8810.30 ELREA=

8800.24
314.8
0.043

18

1.81
0.0
0.000
Q

8806.80 ELREA=

8807.76
402.6
0.043

0

.M
0.0
0.000
Q

8318.70 ELREA=

8815.94
388.2
0.043

8

1.19
0.0
0.000
]

DOLRS500. HC2
HL oLOSS
VoL TWA
WTH ELMIN
CORAR TOPWID
8807.50
1.25 0.29
309.4 111.2
0.000 8793.20
0.00 88.5¢9
8812.10
7.4 0.1
313.5 112.4
0.000 8803.00
0.00- 119.85
8819.20
7.78 0.02
8.1 114.0
0.000 8811.20
0.00 164.23

L-BAHK ELEV
R=-BANK ELEV
SSTA
ENDST

4810.30
8807.50
15.45
104.04

88056.80
8812.10
205.17
325.02 -

8818.70
8819.20
234.47
400,70

Page
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29813.000 3.70 B824.20 0.00 0.00 8825.13 0.93 2.15 0.04 B8826.90
3400.0 0.0 3400.0 0.0 0.¢ 438.8 0.0 322.8 116.0  8835.60
1.02 0.00 7.75 0.00 0.000 0.043 0.600 0.000 8820.50 15.41
0.014399 500, 500, 500, 4 0 0 0.00 188.22 303.63




Run Date: 20JUNPS Run Time: 9:35:00

SECNO DEPTH CWSEL CRIMS
Q aLos QCH QROB
TIME VLOB VCH VYROB
SLOPE XLOBL XLCH XLOBR

*SECND 30313.000
7185 HINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

30313.000 4.15 BE834.85 8834.85
3400.0 0.0 1612.1 1787.9
1.04 0.00 10.90 5.57
0.022233 500. 500. $00.

*SECNO 30813.000
3301 Hv CHANGED MORE THAN HVINS

7185 MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

30813,000 5.07 8844.87 BB44 .87
3400.0 0.0 3400.0 0.0
1.05 0.00 11.28 0.00

0.018027 500. 500. 500.

HMVersion: 6,52

WSELK
ALOS
XHL
ITRIAL

0.00
0.0
0.000
3

0.00
0.0
0.000

EG
ACH
XNCH
1oc

8835.98
147.9
0.043

8

8846.84
301.4
0.043

"

Date File:  DOLRSS00.HC2
MV AL 0LOSS
AROB voL WA
XHR WIN ELMIN
ICONT  CORAR  TOPNID

1.13 9.49 0.04

31,1 328.0 118.2
0.068  0.000 8830.70
0 0.00  190.43
1.98 9.98 0.17
6.0 3324 19,7
0.000  0.000 8839.80
0 0.00  77.62

L-BANK ELEY
R-BANK ELEV
S5TA
ENDST

8870.70
8832.40
25.09
215.53

8845.60
8855.70
76.13
153.74

Page
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Run Date: 20JUNPS Run Time: 9:35:00 HMVersion: 6.52 Date File: DOLRSS00.HCZ Page 20
THIS RUN EXECUTED 20JUNSS5 9:35:03
e e e Sl e e e o e e e i e e e e e e e e e e

HEC-2 WATER SURFACE PROFILES

Version 4.6,2; May 1991

Rk A A AR R AR AR AR w R Rk

NOTE- ASTERISK (*) AT LEFT OF CROS5-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS L1ST
RES 5C0YR (3400)

SUMMARY PRINTOUT

SECND CHSEL CRIWS ELMIN VLOB VCH YROB FRCH

* 0.000 8311.3% 8311.39 8305.90 0.00 10.03 2.18 0.92
* 93.000 8430.14 B430.1¢  B8423.10 0.00 11.3%6 2.63 0.90
3409.000  B8474.33 0.00 8465.30 0.00 12.01 7.77 ¢.87
77647.000 B530.34 0.00 8524.00 2.46 11.08 0.00 0.89

* 10434.000  8595.30 8595.30 85%1.00 0.00 8.79 2.69 0.84
* 13791.000 8608.27 0.00 38598.70 0.00 5.20 1.15 0.34
* A7326.000  B651.15  B651.15 B645.80 1.19 11.55 0.00 0.58
* 17925.000  8457.04 0.00 B8649.50 0.00 5.98 1.42 0.49
* 18313.000 8861.79  BS61.T9  BE5S.3D 0.00 944 4.70 1.15
* 18813.000 8669.1% 0.00 8662.60 0.00 8.17 0.00 0.75
* 19313.000 8675.08  B8475.08  B669.50 3.28 10.98 4,21 0.88
19763.000 B6B0D.84 0.00 B8672.90 4,25 10.93 0.00 0.86
20313,000  8487.02 0.00 8681.70 2.83 5.64 1.37 0.59

* 20813.000 B8693.27 BE9D3.27  B48T.60 0.00 6.86 0.00 1.06
*  21313,000  8700.65 0.00 B8695.50 1.07 5.75 0.83 0.65
* 21813.000 8707.93 8707.93  8703.80 1.14 9.55 3.6% 0.94
* 22158.000 8713.00 B713.00 8704.90 0.00 10.26 1.58 0.87




Run Date:

SECNO
22161.000
22163.000
22189.000
22191.000
"22203.000
22313.000
22813.000
23313.000
23813.000
24211.000
24243,000
26761.000
25313,000
25533.000
25585.000
25563.000
25603.000
25608.000
25633.000
25813.000
26313.000
26813.000
27313.000
27843.000

27848.000
28313.000

20JUNDS
CWSEL

8712.70
8713.2¢
8714.90
8714.81
871513
B8715.75
a721.07
8727.04
8734.28
8740.65
8740.98
8747.72
8753.83
8756.77
8758.30
8758.40
8758.98
8759.03
8758.99
8761.13
&rer. i
8773.9
B782.62
8791.70

8793.99
a798.43

Run Time:

CRIWS
8712.70

B712.85
0.00
0.00
0.00
0.00

8721.07
Q.00

8734.28
0.00

8740.98
0.00

8753.83

8736.77
0.00
0.00
0.00
0.00

8757.87
0.00

&grerT. 1

a8773.9M
0.00

8791.70

0.00
8798.43

9:35:00

ELMIN
8704.90

8704.90
8704.90
B704.90
8706.70
8708.70
a715.460
gr722.70
8727.70
8735.50
8736.50
8742.70
8750.30
8749.60
8751.10
8751.10
8753.10
8751.10

8777.50
8§785.50

8781.00
8793.20

vLOB

0.00
0.00
0.00
0.00
0.00
2.45
3.03
0.00
0.00
1.20
0,00
0.00
3.54
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.42
0.83
0.00
0.00

0.00
0.00

HMVersion: 6.52
VCH

11.52
10.37
7.69
7.47
6.59
6.67
8.3%
9.17
1.7
6.13
2.53
7.49
9.00
13.03
9.88
.
8.80
B.76

12.13

10.80

Dats File:

VROB
0.00
2.75
4,18
0.00
1.53
2.15
2.62
4.85
0.34
1.33

1.81

DOLRS500.HC2
FRCH
1.00
0.8%
0.68
Q.55
0.51
0.67
0.78
0.86
1.01
0.64
0.99
0.68
0.9
1.04
0,72
0.7
0.62
0.62
0.75
0.50
Q.79
0.9%
0.84
1.0

0.27
1.0

Page
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Run Date:

SECND
28813.000
29313.000
29813.000
30313.000
30813.000

20JUNSS

CWSEL
8806.465
8814.75
8824.20
8834.85
5844, 87

Run Time:

CRIWS
0.00
8814.75
0.00
8834.85
8844.87

9:35:00

ELMIN
8803.00
8811.20
8820.50
2830.70
8839.80

viLoe

0.00
0.00
0.00
0.00
0.00

HMversion: 6.52

VCH

8.45
8.7
7.75
10.90
11.28

Data File:

VROB
0.00
0.00
0.00
5.57
0.00

DOLRSS00.HC2

FRCH
0.81
1.00
6.8¢9
1,07

1.01

Page
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C2 HYDRAULIC FACILITIES
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SOURCE FILE :RICORPRP.WQ2

06/21/95

RIPRAP GRADATION FOR FLOOD PROTECTION DIKES

BASED ON ARMY COE 1991 METHOD AND SIMONS AND SENTURK GRADATION
St D30(FT) D50 (FD

STRAIGHT CHANNEL 1V:2H 0.36 0.55
STRAIGHT CHANNEL tV:3H 0.3 0.46
STRAIGHT CHANNEL 1V:4H 0.3 0.46
CURVED CHANNEL 1V:2H 0.78 1.2
CURVED CHANNEL 1V:3H 0.65 1
CURVED CHANNEL 1V:4H 0.65 1
STRAIGHT CHANNEL SECTION CURVED CHANNEL SECTION
1V:2H 1V:3H [V:4H IV:2ZH 1V:3H 1VidH
D50 PARTICIL. PARTICL PARTICLE PARTIC PARTIC PARTICLE
%®FINER COEFF  SIZE (IN} SIZE (IN) SIZE {IN) SIZE (IN) SIZE (IN) SIZE (IN)
0 0.25 1.65 1.38 1.38 36 3 3
10 0.35 2.31 1.932 1.932 5.04 4,2 4.2
20 0.5 3.3 2.76 2.76 7.2 6 6
30 0.65 4,29 3.588 3.588 2.36 7.8 7.8
40 0.8 5.28 4,416 4.416 11.52 9.6 9.6
50 1 6.6 5.52 5.52 14.4 12 12
60 1.2 192 6.624 6.624 17.28 14.4 14.4
76 1.6 10.56 B.832 8.832 23.04 19.2 19.2
20 i.8 11.88 2.936 9.936 25.92 21.6 21.6

100 2 13.2 11.04 11.04 28.8 24 24



EM 1110-2-1601
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EM 1110-2-1601
1 Jut 91

Cy

“ N
. RS

it ™ T%a o en s T80

Y., PCF

Dag = €y "Dag FROM PLATE 37)
WHERE €)= CORRECTIDN FOR UNIT STONE WEIGHT

NOTE: DO NOT MAKE THIS CORRECTION If
Dyp COMPUTED FROM EQUATION 3-3

CORRECTION FOR UNIT STONE WEIGHT

PLATE B-38

B-40




-8

6e-g 31Vd

1.0 - — -G
0.8 o
L+

V4

0.6 [—y<—
Ky -

0.4 |—r\

4—| —e=—— RECOMMENDED FOR DESIGN
02 |- f | — — CARTER, CARLSON, AND

. LANE ¢1953) B = 40 DEG

10 20 30 4.0

car o
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FOR USE IN EQUATION 3-3 ONLY.
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16

10 20 30 4.0
car e

D3g = Cam(Dag FROM PLATE 37
WHERE C, = CORRECTION FOR SIDE SLOPE ANGLE

NOTE » DG NOT MAKE THIS CORRECTION IF
D COMPUTED FROM EQUATION 3-3

CORRECTION FOR SIDE SLOPE ANGLE
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Silver Swan
Worksheet for Trapezoidal Channe

Project Description

Project File c\arcoVricolsilswnt_fm2
Worksheet Pile runon channel (Basin A8}
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth
input Data

Mannings Coefficient 0.035

Channel Slope 0.030000 fi/ft
Left Side Slope 4.00 H:V
Right Side Slope 200 H:Vv
Bottorn Width 10.00 ft
Discharge 28.00 fi*ls
Results

Depth 0.54 ft

Flow Area 6.31 ft2
Wetted Perimeter 13.45 ft

Top Width 13.26 ft
Critical Depth 0.59 ft
Critical Slope 0,022797 t/ft
Velocity 4.44 ft's
Velocity Head 0.31 ft
Specific Energy 0.85 ft
Froude Number 1.13

Flow is supercritical.

Sep 7,1995 Your Company FlowMaster v4.1
11:35:05 Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708  (203) 755-1666 Page 1 of 1



Silver Swan
Worksheet for Triangular Channel

Project Description

Project File charcolricolsilswn1.fm2
Worksheet Wetlands Runon Channel (Basins A6 +A8)
Flow Element Triangular Channel
Method Manning's Formula
Solve For Channel Depth

Input Data

Mannings Coefficient 0.035

Channel Slope 0.006000 ft/it
Left Side Slope 4.00 H:V
Right Side Slope 2.00 H:V
Discharge 129.00 ft%/s
Results

Depth 316 ft

Flow Area 30.03 ftt
Wetted Perimeter 2012 ft

Top Width 1898 #

Critical Depth 258

Critical Slope 0.017713 ftft
Velocity 4.30 ft's
Velocity Head 0.29 ft
Specific Energy 345 ft

Froude Number 0.60

Flow is subcritical.

Sep 7, 1995 Your Company FlrwMaster vd.1
11:42:44 Haestad Methods, Ing. 37 Brookside Road  Walerbury, CT 06708  (203) 755-1666 Page 1 of ¥



C3 WETLANDS DESIGN



Average Flow (gpm}

Average lron Concentration {(mg/l)
Average iron removal (ppd)

Iron Hydroxide removed (ppd}

Aerobic Cell Volume (acre-ft)
Aercbic Cell Volume (cf)
Assumed Usable Percentage
Usable Storage Volume {cf)

Silver Swan Wetlands
Aeroble Ponds Sludge Accumulation

50
4.7
2.82
5.39

0.7
30492

24394

Use average of Iron-T for samples
Assume complete removal of all iron
Assume all iron removed converted to iron hydroxide

upstream cell only

assumes cell is functional with only 20 % of volume

Assumed range of percent by weight sludge of three to ten.

Minimum Weight % solids:
lron Siudge Volume Generated (cf/d):
Yearly Sludge Volume produced (c¢f}:
Storage life of aerobic celt (yrs):

Maximum Weight % solids:
Iron Sludge Volume Generated (cf/d}:
Yearly Sludge Volume produced (cf}:
Storage life of aerobic cell {yrs):

29
1051
23

10
0.9
315
77



C4 MINE WASTE VOLUME
AND ASSAY DATA
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Anaconda Copper Co.
. September 5, 1980

Volumes for Silver Creek, Columbia and Swian Millsile Settling Ponds
near Rico, Colorado '

“Silver Creek {ARGEL TMVE Mict TAu«-;mCP?)
Pond # ' Vol. including dikes Vol. without dikes
1 266,422.54 C.Y, ' 156,380.68 C.Y.
2 18,184.90.C.Y. 8,037.91 C.Y.
3 45,666.17 C.Y. 15,036.70 C.Y.
4

12,338:32 C.Y. 2,175.79 C.Y.

Columbia 14 wl-hjb_

- 44,932.5 C.Y.

Swan { e L»n.s-le>

15,078.76 C.Y.
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Division of The ANACONDA Company

Denver, Colorado

NACONDA Copper Company A
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